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571 ABSTRACT

Key switches are connected in a matrix fashion between
row lines making block lines for octaves and column
lines making note lines for notes. The note lines are
connected to a note detection circuit which converts

‘the note line outputs of the actuated switches into key

codes in a time shared fashion and to a chord detection
circuit which includes a chord type detecting logic and
a shift register connected thereto and storing the note
line outputs in its respective stages. During a chord
detecting period, the note detection circuit is loaded
with signals “1” as if all the key switches were actuated
and delivers key codes of all notes one after another,
whereas the shift register is circulatingly shifted syn-
chronously with the note code change. When the logic
detects an establishment of a chord, the note code of
that moment is extracted to be a code identifying the
root note of the chord. The root note code is then pro-
cessed for automatic bass and chord performance.

8 Claims, 14_Drawing Figures
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] '.-'KEY' CODE DATA GENERATon )

BACKGROUND OF THE INVENTION

Thts invention relates to a key code data’ generator
capable of detecting switches in operation among a
number of key switches and function switches and gen-

erating key code data for an automatic bass chord per-
formance on the bams of srgnals from the detected sw1t-
ches. - |

- The: Spemﬁcatlon of U S: Pat No 4, 148 017 to the
same assignee discloses a key code data generator
~ which detects an on (or -off) state of a key switch among

- alarge number of key switches provided on a keyboard

of an electronic musical instrument and generates key
code data representative of a depressed key in accor-
dance with a result of detection. The specification of
U.S. patent application No. 825,443 to the same assignee
also discloses a key: code data generator which gener-
ates key.code data to be utilized for an automatic bass

~~ performance and an automatic chord performance from

key code data representing a depressed key.

- Simplification of circuitry and reduction of the num-
‘ber of pins which constitute input and output terminals
are major problems to be solved in designing a key code
data generator in-an integrated circuit configuration. -

. 2
switches which are on:detected upon scanning of the
key switches for forming key code data for the auto-
matic bass chord, performance. |

In the key code data generator acoordlng to the pres-
ent invention, key switches are divided into blocks (e.g.
blocks represénting' ootaves) and key switches in the

- respective blocks are grouped by each note name.
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Function switches are divided into one or more blocks
and function switches in each of the blocks are grouped
in said each note name. Thus the swrtches are arranged
in a matrix fashion,

Blocks mcludlng a key switch or a funotlon switch
which is in an on state are detected by a block detection
circuit at a certain timing. Then, one of the detected
blocks is extracted at a next timing and a signal repre-

‘senting the key sw1tch or function switch Wthh iIsonin
 the extracted block | is produced |

A next one of the detected blocks is extracted and a
signal representlng the key switch or function switch -
which is.on in this block is produced. In this manner,

key switches and. function switches which are on are
sucoessrvely detected in one and. the same scanning

~ operation. , -

25

- In the prior art key code data generator disclosed in '

the U.S. Pat. No. 4,148,017 the key switches are divided

Into blocks and also grouped by each note name in the
respective blocks, and.are arranged in a matrix fashion,

30

respective blocks are scanned by a block detection cir-

cuit and respective note name groups are scanned by a
note detection circuit for detection of a key switch in

operation. This arrangement has considerably reduced

the number of required input and output lines. The

electronic musical instrument employing this prior art
key code data generator, however, still requires many
signal lines for transmitting signals from a number of
function switches if the electronic musical instrument
has various. performance functions such as the auto-
matic bass/chord performance and the automatic ar-
pegglo performance. Accordingly, this pnor art genera-
toris not sufficient for the instrument in respeot of the
number of signal lines. . -

The electronic musical mstrument prOposed in U.S.
patent application No. 825,443 detects an on or off state
of key switches and function switches, generates key
codes representing key switches which are on and gen-
erates key code data for the automatic bass chord per-
formance by utilizing signals obtained by decodmg

these key codes. The construction of this circuit is fairly

comphcated and it will be difficult to desrgn this circuit

In an mtegrated crrcurt conﬁguratlon using only one
ehlp L

SUMMARY OF THE INVENTION

It s, therefore a main object of the present invention
to utilize the note detection, circuit for the regular note
performance and also for detection of the chord being
played and delivery of the note code which designates
the root note of the chord to be performed o |

It is another. object of the invention to reduce the
“number of input and output lines of function switches

by detecting an. on (or off) state of key switches and

function switches by one and the same scanning opera-
tion. |

It is still another objeet of the invention to prowde a
- srmpllﬁed olrcult by utlllzlng mgnals representmg key.

35

40

45

_In the key code data generator accordlng to the in-
ventlon,__ a signal is delivered from a control circuit
provided in the block detection circuit to a note detec-
tion circuit at a predetermined timing relating to extrac-
tion of the detected blocks (e.g. at a time when extrac-
tion of all of the detected blocks has been completed)
and, in response to this signal from the note detection
circuit, the note detection circuit successively delivers

~out signals representing the detected notes. Key code

data for the automatic bass performance and key code
data for the automatic chord performance are produced

“on the basts of the signals delivered from the note detec-

tion circuit. By this arrangement, the output of the note
detection circuit'is directly used for detecting a root
note for the automatic bass performance etc. whereby a
circuit construction is considerably simplified.

- These and other features of the present invention will
become apparent from the description made hereinbe-
low In con_]unctlon wrth the accornpanylng drawmgs |

BRIEF DESCRIPTION OF THE DRAWINGS

~ In‘the aeoompanymg drawings:

30
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FIG. 1 s a block diagram schematically showrng the
key code data generator made aecordlng to the present
invention; |

FIG. 2 is a diagram for explammg symbols used In
01rcu1ts appearmg in subsequent figures; | |

FIG. 3 is a circuit diagram showing an example of
connections of key switches and functions switches;

FIGS. 4 through 6 and FIGS. 8 through 12 are circuit
diagrams showing in detail an embodiment of the key
code data generator according to the invention in
which FIG. 4 shows a block detection circuit, FIG. § a
note detection circuit, FIG. 6 a state control circuit,
FIG. 8 control signal forming circuit, FIG. 9 a chord

‘memory and a function data transmission circuit, FIG.

11 a key code register and key code processing circuit
and FIG. 12 a generatjon circuit respectively;
- FIG. 12 1s a time chart for explaining the operations
of the block detection ClI'Clllt and the note detection
circuit; BRI OSSR B AT TR

FIG.13isa tnne ohart for: explalmng the operation of
the function data. transmlssmn circuit; and
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FIG. 14 is a time chart for explaining the operatmn of
the chord detection circuit. |

DESCRIPTION OF A PREFERRED
EMBODIMENT |

1. General descrlptlon of the overall construction

FIG. 1 schematically shows a preferred embodiment
of the key code data generator according to the inven-
tion. Key switches and function switches 1 are divided
into a plurality of blocks whereas the key switches in
the respective blocks are grouped note by note and the
function switches in the respective blocks are grouped
- in accordance with some selected notes. The key swit-
ches and the function switches belonging to the same
block are commonly connected and those belonging to
the same note are also commonly connected. The com-
mon connection lines for the respective blocks are des-
ignated as block lines bn and the common connection
lines for the respective notes as note lines nn. Alterna-
tively stated, the key switches and the function switches
are disposed in a matrix circuit consisting of the block

10

15

20

lines bn arranged as rows and the note lines nn arranged

as columns so that a key switch or function switch
which is on can be identified by signals delivered on
specific ones of the block lines bn and the note lines nn.

A block detection circuit 2 detects, from the signal
delivered on the block line bn, a block to which the key
switch or function switch which is on belongs. The
block detection circuit has storage positions corre-
sponding to the respective blocks, a storage position for
an automatic bass/chord processing and a storage posi-
tion for an automatic arpeggio processing. A note de-
tection circuit 4 detects, from the signal delivered on
the note line nn, the note of the key switch or function
switch which is on. The note detection circuit 4 has
storage positions corresponding to the respectiye notes
(1.e. notenames). The operations of the block detection
~circuit 2 and the note detection circuit 4 are controlled
by successively carrying out four detection operation
states, So, S1, 82, and S3. The first operation state Sgis a
stand-by state. In the second operation state S, a signal
Is transmitted from the note detection circuit 4 to the
block detection circuit 2 through the key switches and
function switches which are on to detect all blocks to
which the switches which are on belong at once and
cause these blocks to be stored in the respective corre-
sponding storage positions. In this operation state, a
signal 1s also stored in the storage positions for the auto-
matic bass/chord processing and the automatic arpeg-
g10 processing.

As the operation state proceeds to the state S;, one of
the signals stored in the storage positions of the block
- detection circuit 2 is extracted and delivered out. The
extraction of this single signal is conducted in a certain
order of precedence. In this embodimept, priority is
given in the order of a block including a function
switch, a block including a key switch of pedal key-
board, a block including a key switch of a lower key-
board, a block including a key switch of an upper key-
board, the automatic bass/chord processing and lastly
the automatic arpeggio processing. No signal is ex-
tracted from any of these storage positions while a sig-
nal remains stored in a storage position which is of a
higher priority order. When a signal is outputted from
the storage position of the highest priority in the block
detection circuit 2, a signal is simultaneously transmit-
ted from the block detection circuit 2 to the note detec-
tion circuit 4 through the block line corresponding to

25
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4

the particular storage position and the key sw:tches or
the function switch which is on in that block, thereby
causing all notes corresponding to the key switches or
the function switch which is on to be detected at once
and signals representing these notes to be stored in their
respective note storage positions.

As the operation state proceeds to the state S3, the
signals stored in the storage positions of the note detec-
tion circuit 4 are delivered out one by one in accordance
with a certain order of precedence. In this case, priarity
Is given from the lower tone side and as a signal is out-
putted one by one, the storage position from which the
signal has been outputted Is cleared. Upon outputtmg of
all of the signals stored in the storage positions of the
note detection circuit 4, the operation state returns to
the state S; and a signal is extracted from a storage
position correspondmg to a block of a next priority in
the block detection circuit 2. This signal is transmitted
to the note detection circuit 4 through a block line
corresponding to the storage position of the signal and
notes of key switches or a function switch which is on
in the block thereby are detected. Signals representmg
the detected notes are successively outputted in the next
operation state S3. In this manner, the states S; and S;3
are repeated. Upon completion of extraction of the
blocks detected in the state S; and outputting of signals
representing blocks and notes corresponding to the key
switches and function switches which are on, an auto-
matic bass/chord control signal AP is outputted in the
state Sz from the storage position for the automatic
bass/chord processing. This signal AP is applied to the
respectwe storage positions of the note detection c‘lrcult
4 so that a signal “1” is stored in all of the storage posi-
tions. In the next state S3, signals representing respec-
tive notes are successwely outputted from thelr respec-
tive storage posutmns in the note detection circuit 4 with
priority being given in the lower tone side. These sig-
nals are used for detecting a root note in the automatic
base performance and the automatic chord perfor-
mance, as will be described later. As the signal AP has
been outputted from the storage position for the auto-
matic bass/chord processing in the block detection

circuit 2 and the storage position has been cleared, a

signal is then outputted from the storage position for the
automatic arpeggio processing. This output from the
storage position for the automatic arpeggio processing
1s not applied to the note detection circuit 4 but serves
only to secure a unit operation time (i.e., the period of
the clock pulse used for the system) for the automatic
arpeggio processing.

When the automatic arpegglo processing time has
elapsed, the storage positions of the block detection
circuit 2 have all been cleared and the operation state
returns to the mitial state, i.e., the stand-by state Sp.
Upouddetection of this stand-by state Sp, the operation
states S1-S3 are carried out again and detection of all the
key switches and function switches in operation is re-
peated.

In the above described manner, detectlon of blocks
including key switches or function switches which are
on are carried out in the block detection circuit 2
whereas detection of notes corresponding to the key
switches or function switches which are on in the de-
tected blocks is carried out in the note detection circuit
4. -

The block detection circuit 2 outputs, in response to
each extraction of the block, a block type code BC
representing the type of the function block, type of the
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keyboard and whether the storage position for the auto-
~ matic bass/chord processing has been extracted or not
-and also produces an octave code OC representing the

- octave of the detected key switch. The note detection

circuit 4 outputs a note code NC representing the note
of the detected key switch. The block kind code BC
outputted from the block detection circuit 2 1s applied
to a block kind code register 8 and held temporarily
therein. This code BC held in the register 8 1s decoded
in a decoder 10 and thereafter is applied to a control
signal forming circuit 11. The control signal forming
- circuit 11 produces a control signal used for controlling
a chord detection circuit 5, a function data memory 6, a
function data transmission circuit 7 and a key code
register 9 to be described later.
- The octave code OC outputted from the block detec-
tion circuit 2 and the note code NC outputted from the
note detection circuit 4 are applied to the key code
register 9 and held temporarily therein.
- As was previously described, extraction of the block
detection circuit 2 is conducted with priority being
given first to the block including a function switch.
Accordingly, the note detection circuit 4 first outputs,
in parallel, signals representing function switches which
are on from storage positions of the notes correspond-
ing to the function switches. These signals are applied
to the function data memory 6 and the function data
transmission circuit 7 through the chord detection
memory 8. The function data memory 6 is provided for
storing function data used in this circuit i.e., in this chip
and data which is not used in this chip is applied to the
function data transmission circuit 7. The function data
transmission circuit 7 consists, for example, of a shift
register and converts input parallel function data to
serial data. The converted data outputted from the cir-
cuit 7 1s applied to a conirol data memory (not shown).
‘The control data memory consists, for example, of a
read-out memory and produces desired control data

such as for determining a bass pattern in the automatic
bass performance in response to the applied function

- data. Detailed description of this control data memory
will be omitted for this memory is not related to the
subject matter of the present invention.

The block detection circuit 2 subsequently extracts
the blocks in the order of the block including the key

6

The chord detection circuit 5 is provided for detect-- .

ing a chord on the basis of a key being depressed in the

lower keyboard In the present embodiment, the lower

keyboard is utilized as a keyboard for conducting the
automatic bass/chord performance. The chord detec-
tion circuit § has storage positions corresponding to the
respective notes. When a block including a key switch

~ of the lower keyboard has been extracted in the block

10
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switches of the pedal keyboard, the block including the

key switches of the lower keyboard and the block in-
cluding the key switches of the upper keyboard. In

‘response to the extraction, the octave code OC is pro-
duced from the block detection circuitf 2 and the note

code NC from the note detection circuit 4. These codes
are held temporarily in the key code register 9 and

thereafter are supplied to a channel processor (not
shown) through a key code processing circuit 12. The
key code processing circuit 12, however, does not oper-
ate at this time and the key code K C stored temporarily
in the key code register 9 is transmitted to the channel
processor without being processed by the processing
circuit 12. To the channel processor is also applied a
signal from the decoder 10. The channel processor
- assigns, in response to these signals, key code data des-
~ 1gnating a tone to be produced to one of channels equal

50

3

60

in number to a maximum number of tones to be sounded -

simultaneously {e.g. twelve) for necessary processing.

As the channel processor, a circuit such as disclosed in
the specification of U.S. Pat. No. 4,114,495 or applica-
tton No. 929,007, each assigned to the same asmgnee as
the present case, employed.

63

detection circuit 2 and a signal representing the note of
the key switch which is on has been outputted from the
note detection circuit 4, this signal representing the note
of the key which is being depressed in the lower key-
board is stored in a corresponding one of the storage
positions of the chord detection circuit 5 with the aid of
a load signal LL which is applied from the centrol
signal forming circuit 11. |

Upon completion of extraction of all the blocks in-
cluding the function switches and key switches which
are on by the block circuit 2 and extraction of the signal
from the storage position for the automatic bass/chord
processing, a shift signal SL is applied to the chord
detection circuit 5 from the control signal forming cir-
cuit 11 to successively circulate signals stored in the
respective storage positions in the chord detection cir-
cuit 5 and representing the notes of the keys being de-
pressed in the keyboard in the direction from the higher
note side to the lower note side. In the meanwhile,
whether tones of the depressed keys constitute the pre-
determined chord is detected from a note interval rela-
fton between a signal in the storage position of a last
stage and signals in other storage positions of the chord
detection circuit 5. The signal corresponding to the
storage position of the last stage at the time when the
constitution of the chord has been detected is used as a
signal representing a root note in the chord.

Since a signal “1” is stored in the respective storage
positions in the note detection circuit 4 upon extraction

of the storage position for the automatic bass/chord
processing, signals corresponding to the respective
notes are successively outputted from the note detec-

“tion circuit 4. These signals are synchronized with shift-
ing of the signals loaded in the respective storage posi- =

tions of the chord detection circuit 5. Accordingly, the
signal representing a note and being outputted from the
note detection circuit 4 at the time when forming of the
chord has been detected 1s nothing but a signal repre-
senting a root note. The note code NC at this time is
loaded in the key code register 9 in accordance with a
load signal from the control signal forming circuit 11
and thereafter is applied to the key code processing
circuit 12 as a note code representing a root note.

The chord detection circuit S generates also a chord
kind detection signal D representmg the kind of the
detected chord. This signal D 1s applied to a subordinate
note forming data generation circuit 13. This circuit 13
successively produces a subordinate note forming data
SD representing predetermined note intervals on the

“basis of the chord kind detection signal ID and a signal

representing a bass pattern from the previously de-
scribed control data memory. |

The key code data processing circuit 12 successively
processes, in response to the subordinate note forming
data SD supplied from the subordinate note forming
data generation circuit 13, the note code NC represent-
ing the note code and being applied from the key code
register 9, thereby producing key codes KC corre-
sponding to the subordinate notes having predeter-
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mined note intervals relative to the root note and sup-

plying these key codes KC to the channel processor.

2. Detailed description of the component parts
Description will now be made about construction and

8

tion switches are suitably distributed to either of two
blocks F; and F> 1in such a manner that each of the

function switches will correspond to one of the note

names C§ through C. The state in which the function

switches corresponding to the respective keys of the
upper keyboard are grouped into blocks Uy, Uy, Ujz and
Uy also corresponding to each of the blocks. The func-

operation of a specific example of the circuits compos- 5 switches and the key switches are grouped into blocks 1s
ing the key code data generator shown in FIG. 1. In this shown in the following Table 1. |
| | TABLE 1
Notes

Block CL C# D D# E F F# G G# A G B C
Function FI SF FC CA M CON EC UL DC FS UT FSS ST SS

Switch F2 BEAT V; V; BV Rg R7 R¢ Rs Rsy R3y Rz R; RV

Pedai P Crp Cho Do Do Eo Fo Fho Go FHo Ao A#o By G

keyboard |

Lower L1 Cpy C# Dy D# E; Fi Fh G G A1 AH By &

keyboard 1.2 C#y D> D E- F» F# Gy G Ay AW By Q3

L3 C#y D3 Dz Ej F;  F#z Gy G#: Ay A#y By C4

L4 CHs Dy4 D#s E4 Fqg FHa G4 GHs As Als Bs Cs

Upper Ut Cyp Chy D2 Dy Ep F, F# Gy G#Hh Ay A#z By GCq

keyboard U2 C#:; D3 D E; Fi Fi#3 G3 G#3 A3 A#: By C4

U3 C#s Dg Dfy Eq Fo Fisa Gg G#s As A#fs By GCs

U4 Cés Ds Dfs  Es Fs Fi#s Gs G#s As Afs Bs GCo
~example, the key code data generator schematically Reference character SF represents a signal used for
shown in FIG. 1 and the channel processor (not shown) selecting a single finger function in an automatic accom-
- are combined in an integrated circuit on a single chip. panyment function, i.e., a function of automatically
Logic symbols shown in FIG. 2 are used with respect to 25 performing chord tones consisting of a plurality of tones
the circuits described hereunder. Inverters are desig- by depressing a single key corresponding to a root note
nated by symbols shown in FIG. 2(a), AND gates by in the lower keyboard (the chord tone performing key-
those shown in FIGS. 2(b) and 2(c), OR gates by those board) and designating a kind of chord by a suitable
shown in FIGS. 2(d) and 2(e) and exclusive OR gates by means, simultaneously performing automatically bass
those shown in FIG. 2(f). The ordinary symbol shown 30 tones corresponding to the chord tones. FC represents
‘in FIG. 2(b) or 2(d) 1s used for a case where the number signal for selecting a finger function, 1.e., a function of
of input lines 1s relatively small in an AND gate or an depressing a plurality of keys in the lower keyboard 1n
~ OR gate and a symbol shown in FIG. 2(c) or 2(e) is used the form of a chord for automatically performing the
for a case where the number of input lines is relatively chord tones and simultaneously performing bass tones
large. In the symbol shown in FIG. 2(c) or 2(e), a single 35 corresponding to the chord. CA represents a signal for
input line is drawn on the input side of the AND or OR selecting a custom function, t.e., a function of automati-
gate several signal lines are drawn so that they will cally performing chord tone in accordance with tones
intersect the single input line and intersections of the of keys depressed in the form of a chord in the lower
single input line and the signal lines on which signals are keyboard and automatically performing bass tones
supplied to the AND or OR gate are marked by small 40 using a tone of a single key depressed 1n the pedal key-
circles. The example shown in FIG. 2(¢) i1s expressed by board as a root tone of the base tones. M represents a
a logic equation of Q=A. B.D and the example shown signal for selecting a memory function, 1.e., a function of
in FIG. 2(e) by a logic equation of Q=A+B+C. A repeating an automatic performance even after release
‘delay flip-flop 1s graphically expressed by a symbol of depression of keys in the lower keyboard. CON rep-
shown in FIG. 2(g) or 2(%#). The delay flip-flop shown in 45 resents a signal for selecting a constant function, 1.e., a
FI1G. 2(g) which has no representation of a clock pulse function of maintaining the chord tones and the bass
is driven by a clock pulse with a period of 48 microsec- tones as sustained tones. EC represents an envelope
onds (more specifically, a two phase clock pulse), control signal for selecting two types of envelope
whereas the delay flip-flop shown in FIG. 2(#) which shapes. UL represents a coupler signal for producing
has representation of a clock pulse &) is driven by a 50 tones from the upper keyboard and the lower keyboard
clock pulse with a period of 1 microsecond (more spe- simultaneously. DC represents a damping control signal
cifically a two-phase clock pulse). for sharply attenuating levels of tones to be produced.
In this example, the electronic musical instrument The signal FS 1s a signal supplied from a foot switch.
~includes a pedal keyboard having 26 kinds of function UT represents a signal for selecting an up mode in the
switches and 13 keys ranging from a note Cg of the 0 55 automatic arpeggio performance in which the tone
octave to a note C; of the first octave, a lower keyboard pitch of tones to be produced rises one tone after an-
having 49 keys ranging from a note C of the first octave other and a turn mode in which the tone pitch repeat-
to a note Cs of the fifth octave and an upper keyboard edly rises and falls. FSS represents a foot switch select
having 49 keys ranging from a note C; of the second signal for selecting what is to be selected by the signal
‘octave to a note Cg of the sixth octave. The key swit- 60 FS from the foot switch. ST represents a rhythm start
ches corresponding to the respective keys of the pedal signal for starting the automatic rhythm performance.
keyboard are grouped into a block P, the key switches SS represents a signal for selecting a *‘synchro-start™
corresponding to the respective keys of the lower key-  .function 'according to which the automatic rhythm
board are grouped into blocks L, Ly, L3and Lsindivid-  performance device and the automatic bass/chord per-
ually corresponding to each of the octaves and the keys 65 formance device are started synchronously. RV repre-

sents a signal for selecting two kinds of rhythm varia-
tions. Rj through Rg represent signal for selecting eight
different rhythms, e.g., march, waltz, swing, slow rock,
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jazz rock, rumba, bosa nova and samba. BV represents
a signal for selecting two kinds of bass variations in the
automatic bass. performance Vl, V7 represent: signals
for selectmg arpeggio variation in the automatic arpeg-
glc performance. BEAT represents mgna] for select-
ing two kinds of tempo.. - | R o

The numbers attached to the characters representmg
notes of the respective key switches represent respec-
- tive octaves. For instance, the signal C§; represents
note C# in the second octave. The signals CLg, CL and
CL; represent note C-is O octave, first octave and sec-
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ond octave res.pectwely and indicate that they are: the |

lowest tone in the respective keyboards.

-~ An example of connections of the function switches
and key switches grouped into blocks is shown'in FIG.
3..One terminal (a stationary contact side) of each of the
function switches and key switches: of each of the
- blocks F, Fa, P, L1-L4, Uj~Us is commonly connected
to one of block lines by through by, whereas the other
terminal (a movable contact side) of each of the func-
tion switches and key switches corresponding to the
- same note is commonly connected through a diode to
one of note lines nj through nji. Reference character
Cp represents conductor capacity of each of the block
lines by through byyand ¢, represents conductor capac-
ity of each of the note lines n; through ny3. Detection of

the function switches and key switches is made by posi-

twely uttllzmg the ccnductcr capacitles Cs and Ch.

DETECTION OF THE FUNCTION SWITCHES
CAND KEY SWITCHES "~ -

" FIG. 4 shows an example of the block detectlon cir-
cuit 2. FIG. § an example of the note detection circuit 4
~ and FIG. 6 an example of the state control circuit 3
~ which controls the detection cperatlcns of the block

| - detection ctrcmt 2 and the ncte detection circuit 4.
‘With reference to FIG. 4, the block detection circuit

2 comprises detection circuits 14-1 through 14-11 corre-
spondmg to the blocks F], F5, P, Li-L4 and U-Us,
atitomatic bass/chord prccessmg circuits 15-1 and 15-2,
~ and an-automatic arpeggio-processing circuit 16. Input
terminals Tz, through T g1 of the detection circuits 14-1
through 14-11 are connected to the b]cck lmes bi
through by shown in FIG. 3.

- With reference to FIG. 5, the note detecttcn c1rcu1t 4
comprises detection circuit 17-1 through 17-13 corre-
sponding to the respectwe notes Cz-C. Input terminals
of the detection circuits 17-1 through 17-13 are con-
- nected to the note lines n| through n;3 shown in FIG. 3.

In FIG. 4, the detection circuit corresponding to the
block F 1 and the detection circuit 14-11 corresponding
to the block Uj only are illustrated in detail among the
detection circuits 14-1 through 14-11. It should be noted
that the other detection circuits 14-2 through 14-10
ccrrespondmg to. the blocks Fz, P, L;—L4 and U,-Ujare

- -of the same construction as circuits 14-1 and 14-11.

Slmllarly, the detection circuits 17-1 and 17-13 corre-

o spcndmg to the notes C;, and C only are illustrated in

~detail in FIG. 5, but the c_ther_ detection circuits 17-2
through 17-12. corresponding to the. other .notes C#
- through B are of the same construction as the circuits
" 17-1 and 17-13 except for some slight difference which
is peculiar to the detection circuit 17-13 corresponding
to the note C.- Throughout the detection circuits 14-1
through 14-11 and 17-1 through 17-13, component ele-

ments (AND gates, OR gates etc.) .of these circuits

performmg the same function are designated by the
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same reference characters regardless cf dtf‘ference in the
block- or note. L /

‘The block detectlcn. cxrcmt 2 and the note detectton
circuit.:4 shown in FIGS. 4 and § are controlled by

carrying out the four states So-S3 produced by the state
control circuit 3 shown in FIG. 6. Which one of the
four stages So-S3 is presently being carried out is indi-

cated by contents of output signals Q) and Q; of flip-
flops DFg and DF7 provided in the state control circuit

‘3. The relationship between contents of the signals Q

and Q; and the operation states So-S4 is shown in the
following Table 2

State Qi Q2
So - 0 0
St 1 0
S2. 0 1
] 1

thh reference to FIG 6, an mttla] clear s:gnal 1C
whlch is a pcsntwe pulse is applied to a terminal Tyc.

This signal IC is inverted, by an inverter I, and the

inverted signal “0” is applied to AND gates A7
through A3). The initial clear signal IC is generated at a -
suitable time such as wehn the power switch is turned

-~ on and 1s used for once clearing the entire system. Ac-

30

35

45

30

33

65

cordingly, the output of the AND gates A7 through
A3 are all turned to “0” and so are the outputs Qg and
Q- of the delay flip-flops DF¢and DF+. The AND gates
A 16 to which the outputs of the delay flip-flops DFgand
DF7 inverted by inverters 13 and I,4 are applied pro-
duces a signal TTo which represents the state Sp. This
signal T'To is applied to the gates of MOS type field-
effect transistors (hereinafter referred to as “‘the transis-

tors”) TR; (FIG. 4) in the detection circuits 14-1

through 14-11 of the block detection circuit 2 to turn on
all of the transistors TR and thereby cause the conduc-
tor capacities Cp.(FIG. 3) cf the block lines b through
bi1 to discharge.

The output of the AND gate A]ﬁ 1S apphed to the

delay flip-flop DF¢ through an OR gate OR34 and the
output Qp of the delay flip-flop DFg rises to “1” at a
timing of a next clock pulse. At this time, the output Q; -
of the delay flip-flop DF7 remains in the “0” level. This
enables the AND gate A7 which thereupon produces
an output TT; representing the state S;. Simultaneously,
the output Q1 of the delay flip-flop DFg is applied as a
signal TT1+TTj3to the gates of transistors TR4 (FIG. 5) |
of the detection circuit 17-1 through 17-13 of the note

detection circuit 4. All of the transistors TR4 thereby
are turned on to supply a power VDD to the note lines
ni through nq3 via terminals Tnz-T,13. The conductor
capacities C, thereby are charged. If there is a key
switch or-function switch which is on, the conductor
capacity Cj of a block line among the block lines by
through b, including the key switch or function switch
which is on is charged through this key switch or func-
tion switch. As a result, a signal “1” is provided on the
block line. (If there are plural switches which are on,
signals ““1” are provided on corresponding plural block
lines). This signal is applied to an AND gate A of the
corresponding - one of the detection circuits 14-1
through 14-11 via one of the input terminals Tp;

through Tpg11 of the block detection circuits 2. To the

other input -channel of the AND gate A is applied the
signal TT | representing the state S; which is the output
of the: AND gate A7 of the state control circuit 3.
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Accordingly, the AND gate A of the detection circuit
~ corresponding to the block including the key switch or

function switch which is on only is enabled to provide
a signal “1” to a delay flip-flop DF) through an OR gate
OR|. The signal TT) representing the state S; is also
- applied to delay flip-flop DF; through DF; of the auto-

matic bass/chord processing circuits 15-1 and 15-2 and

the automatic arpeggio processing circuit 16 via corre-
sponding OR gates OR3, ORs, OR4. |

- The output Q of the delay flip-flop DF of the respec-
tive detection circuits 14-1 through 14-11 is fed back to
a data input D through an AND gate A; and the OR
gate OR ;. The output Q of each of the delay flip-flop
DF; and DFj; of the automatic bass/chord processing is
fed back to each data input D through an AND gate A¢
and an OR gate OR3 and through an AND gate Agand
an OR gate ORs. Likewise, the output Q of the delay
flip-flop DF4 of the automatic arpeggio processing cir-
cuit 16 is fed back to its data input through an AND
gate Ao and an OR gate OR37. Each of the delay flip-
flops DF;, DF;, DF3 and DF4 constitutes a storage
circuit. Accordingly, in the state Sy, a signal “1” is
stored in the delay flip-flop DF; of the detection circuit
corresponding to a block including a key switch or
function switch which is on. No storage of a signal is
made in the delay flip-flop DF; of the other detection
circuits to blocks including no key switch or function
switch which is on. The delay flip-flop DF; and DF; of

- the automatic bass/chord processing circuits 15-1 and

15-2 and the delay flip-flop DF; of the automatic arpeg-
g10 processing circuit 16 store a signal “1” uncondltmn-
ally |
The outputs of the OR gates OR; of the detection
circuit 14-1 through 14-11, the OR gates OR; and OR5
of the automatic bass/chord processing circuits 15-1
-and 15-2 and the OR gate OR7 of the automatic arpeg-
gio processing circuit 16 are applied to an OR gate ORo.
The OR gate ORg outputs an any-block sngnal AB
which rises to the level “1” when a signal “1” is applied
to any one of the delay flips DF;, DF;, DF3 and DF;
and falls to the level “0” when all of these delay flips are
cleared of the signal “1”, This any-block signal AB is
applied to a data input D of a delay flip-flop DF;
through an OR gate OR ;5 and the output Q; of the delay
flip-flop DF7 is turned to “1” at the timing of a next
clock pulse. Since the output of the OR gate OR4is “0”
at this time, the output Qi of the delay flip-flops DFg is
turned to “0”. The AND gate A1g thereby is enabled
- and the operation mode is changed to the state S,.
The signal “1” stored in the delay flip-flop DF; of one
of the detection circuits 14-1 through 14-11 of the block
detection circuits 2 corresponding to the block includ-
ing the key switch or function switch which is on is
applied to the AND gate A3. The AND gate A3 consti-
tutes a priority circuit. The AND gate A3 of the detec-
tion circuit 14-1 corresponding to the block F; which is
given a top priority is unconditionally enabled by apply-
- Ing a signal “1” which is obtained by inverting a signal
“0” at a ground level by an inverter I;. Each of the
other detection circuits 14-2 through 14-11 receives a
signal which is obtained by inverting by an inverter I
an output of the OR gate OR; to which the output Q of
the delay flip-flop DF; of the preceding detection cir-
~cuit and the output of the OR gate OR; of the preceding
detection circuit are applied. The AND gate Ajin each
of the detection circuits 14-2 through 14-11 is enabled
on condition that none of the delay flip-flops DF; of the
detection circuits of higher priority orders stores a sig-
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nal “1”, If there is storage of the signal “1” in any of the
delay flip-flops DF) of the detection circuits of higher
priority orders, the AND) gate Ajis disabled.

The output of the AND gate Ajis applied to an AND
gate A4 while the output of the AND gate A3is inverted
by an inverter I3 and thereafter is apphed to an AND
gate As. The signal TT; representing the state S; is
applied from the AND gate 18 of the state control cir-
cult 3 to the other mputs of the AND gates Az and As.
The signals “1” stored in the delay fllp-ﬂops DFz and
DF3 of the automatic bass/chord repracessing circuits
15-1 and 15-2 are applied to AND gates A7 and Ag
having three input channels and the signal “1” stored in
the delay-ﬂop DF41n the automatic arpeggio processing
circuit 16 is applied to an AND gate A having three
input channels. The AND gate A7 receives at the other
input thereof a signal obtained by inverting the output
of the QR gate OR; of the detection circuit 14-11 by an
nverter Is and the signal TT; representing the state S;.
The AND gate Agreceives at the other inputs thereof a
signal obtained by inverting by an inverter I7 the output

iil!i

of an OR gate OR4 to which the output Q of the delay

fhp flop DF; of the automatic bass/chord processing
circuit 15-1 and the output of the OR gate OR; of the
preceding stage are applied and the signal TT; repre-
senting the state S;. The AND gate A receives at the
other input thereof a signal obtained by inverting by an
inverter Iy the output of an OR gate OR6 to which the
output Q of the delay flip-flop DF; of the automatic
bass/chord processing circuit 15-2 and the output of the
OR gate OR4 of the preceding stage are applied and the
signal TT> representing the state S;. The AND gates
A7, A9 and An thereby constitute a priority circuit.

Accordingly, in the state Sz, a block of the highest
priority among blocks stored in the delay fhp flop DF}
of the detection circuits 14-1 through 14-11 is extracted
and only the AND gate A4 of the detection circuit
corresponding to the extracted block outputs-a signal
“1”, This signal “1” is applied to the AND gate A,
through the inverter I to clear the storage in the delay
flip-flop DF; and also constitutes a block detection
output of this detection circuit. The output “1” of the
AND gate A, is also applied to the gate of the transistor
TR2 to discharge the conductor capacity Cpof the block
line for the extracted block. At this time, the output of
the AND gates Aj of the other detection circuits are
“0”. Accordingly, the AND gate Asis enabled to apply
a signal *1” to the gate of the transistor TR3. As a result,
the conductor capacity C; of the block line for each of
the blocks corresponding to the other detection circuits
1s charged and the diodes D (FIG. 3) connected in series
to the key switches or function switches in the other
blocks are reversely biased. Accordingly, a signal *0” is
provided only on a note line to which the key switch or
function switch which is on in the extracted block is
connected, the other note lines presenting a signal “1”.
This signal “0” is inverted by an inverter Iigin a corre-
sponding one or ones of the detection circuits 17-1
through 17-13 of the note detection circuit 4 (FIG. 5)
and thereafter i1s applied to an AND gate Aj>. The
AND gate A, receives at the other input thereof the
signal TT; representing the state S, from the state con-
trol circuit 3, so that a signal “1” is applied in the state
Sz to the data input Ds of the delay flip-flop DF5 via an
OR gate OR ¢ or OR 3. The delay flip-flop DFs feeds
back its output Q to its input D via an AND gate A4
and the OR gate OR 6 or OR 3 thereby forming a stor-
age circuit. Accordingly, when the signal “1” is applied
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through the OR gate OR ¢ or OR 13, this signal “1” is
stored in the corresponding delay fhip-flop. DFs. The
output of each of the OR gate OR ¢ or OR 3 1s applied
to an OR gate OR 9. The OR gate OR 19 produces an

“any note” signal AN which rises to “1”
‘tion of a signal to any of the delay flips DF;5 of the
detection circuits 17-1 through 17-13 and maintains the
level “1” while any one of the delay flip-flops DFs
holds storage of the signal. This “any note” signal AN

is applied to an AND gate A9 (FIG. 6) of the state
detection circuit 3. The AND gate A 19 there is enabled
to provide a signal “1” to a delay flip-flop DF7 through
an OR gate OR35 and also to the delay flip-flop DFs
“through the OR gate OR24. Accordingly, the output Qy,
-y of the delay flip-flops DF¢and DF7 re turned to “1”
at a timing of a next pulse, bringing the operation state
to the state S3;. At this time, the signal TT14+TT3 is
applied to the gates of the transistor TR4 of the detec-
tion circuits 17-1 through 17-13 of the note detection

upon applica-

14

state therefore is changed to the state Sy. The signal

TT; representing the state S; is applied to the block
detection circuit 4 for extraction of a block of a next

priority order.

In the above descrlbed manner, the block detection
SIgnal is outputted in the state S; from one of the detec-

~ tion circuits 14-1 through 14-10 of the block detection

10
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circuit 4 thereby charging the conductor capacity Cn of 20

the note line which discharged in the preceding state Ss.
The output of each of the delay flip-flops DF5 of the

 detection circuits 17-1 through 17-13 of the note detec-

tion circuit 4 is applied to an AND gate A3 which
forms a priority circuit. The AND gate A3 of the de-
tection circuit 17-1 corresponding to the note Cr, of the
highest priority is unconditionally enabled by applying
17 obtained by inverting signal “0” of a ground
level by an inverter I;;1. Each of the AND gate A3 of
- the other detection circuits 17-2 through 17-13 receives
a signal obtained by inverting by the inverter Iy the

~ output of the OR gate OR 17 of the preceding stage to
which the output Q of the delay flip-flop DF5 of the

preceding stage and the output of the OR gate OR 17 of

the further preceding stage are applied. Each AND gate
A3 of the detection circuits 17-2 through 17-13 there-
- fore is enabled on condition that no storage is held in
any of the delay flip-flops DFs which are of higher
~ priority orders and disabled if there is storage of a signal
“1” in any of the delay flip-flops DF5s of the detection
circuits of higher priority orders. Accordingly, the
AND gate Ai31s enabled from the lower tone side in
accordance with the priority order and the AND gates
- Ajs of the detection circuits including the delay flip-
- flops DFs storing a signal “1” successively produces a
signal “1”, An AND gate A4 of the detection circuit
17-1 corresponding to the note Cy, receives a signal “0”
of the ground level whereas AND gates A4 of the
detection circuits 17-2 through 17-13 corresponding to
the other notes C#-C receive the outputs of OR gates

OR ;7 of the detection circuits 17-1 through 17-12 of the

25

circuit 2 corresponding to the extracted block. In the

state S3, the note detection signals representing the key
switches or function switches which are on are succes-
sively outputted from the detection circuits 17-1
through 17-13 of the note detection circuit 4. The stage
Sz and the stage S; are alternately repeated until stor-
ages in the delay flips DF; of the detection circuits 14-1
through 14-11 of the block detection circuit 2 are all
cleared, i.e. until extraction of the blocks detected as the
blocks including the key switches or function switches -
which are on in the initial state St is completed.
Assume, for example, that function switches corre-

sponding to the signal FC for selecting the finger chord

function, the signal SS for selecting the synchro-start
function and the signal R for selecting a rhythm are

being actuated, the keys corresponding to the notes Cy,

E; and G are being depressed in the lower keyboard
and the key corresponding to the note E; is being de-

- pressed. States of signals appearing in the state control

30

~circuit 3, an output of the block detection circuit 2 and
“an output of the note detection circuit 4 in this case are
illustrated in the time chart shown in FIGS. 7(a)

‘through 7(n). FIG. T(a) shows clock pulse times t;

- through t, defined by the clock pulse ¢. The signal BP '
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previous stages. Simultaneously with outputting of a

signal “1” from the detection circuit due to enabling of
the AND gate A3, the AND gate A4 is disabled to
clear storage of the delay flip-flop DFs of the detection
circuit.

When the signal “1” has been outputted from all of
the AND gates A3 of the detection circuits corre-

sponding to the delay flip-flops DF5 in which the stor-

age 1s made, the storage 1s cleared from all of the delay
flips DFs and the any note signal AN outputted by the
- OR gate ORj9 1s turned to “0”. This causes the AND
gate A9 of the state control circuit 3 to be disabled
thereby finishing the state S3;. As the state S3 has fin-
ished, the output Q of the delay flip-flop DFgis turned
- to “0” again so that the AND gate Ag is enabled on
condition that the any-block signal AB is being pro-
~ vided by the block detection.circuit 4. The operation
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shown in FIG. 7(d) represents outputs of the detection =

circuits 14-1 through 14-11 and the automatic bass/-
chord processing circuits 15-1 and 15-2 and the auto-
matic arpeggio processing circuit 16. The signal NP
shown in FIG. 7(/) represents outputs of the detection
circuits 17-1 through 17-13 of the note detection circuit
i S | |

When the initial clear signal IC has been applied to

‘the terminal T ;¢ of the state control circuit 3 as shown

in FIG. 7(b), the outputs Q1 and Q3 of the delay flip-
flops DF¢ and DF7 are turned to “0” at the clock pulse

time t1 (FIGS. 7(c) and 7(d) and the signal TTp repre-

senting the state Spis produced (FIG. 7(e). This brings

the transistor TR of the block detection circuit 2 into

conduction with resulting discharge of the conductor
capacity Cp of the block lines bj-byi. At the next clock

‘pulse time tp, the output Q) of the delay flip-flop DFs

becomes “1” and the signal TT; (FIG. 7(f)) and the
signal TT4+TT3(FIG. 7(4)) are produced. The transis-
tors TR4 of the note detection circuit 4 are turned on by
the signal TT1+TT3 resulting in charging of the con-
ductor capacity C, of the note lines nj-ni3. The AND
gates A1 of the block detection circuit 2 is enabled by

‘the signal TT; and a signal “1” is stored in the delay

ﬂlp flops DF of the detection circuit 14-% correspond-
ing to the block F)including the signal FC for selecting

the finger chord and the signal SS for selecting the
- synchro-start, the detection circuit 14-2 corresponding
60

to the block F including the signal R for selecting the
rhythm, the detection circuit 34-4 corresponding to the
block L including the notes Crz, E; and G of the
lower keyboard and the detection circuit 14-8 corre- -

“sponding to the block Uj including the note E; of the

upper keyboard. The signal “1” is also stored in the
delay flip-flops DF, and DFj3 of the automatic bass/-
chord processing circuits 15-1 and 15-2 and the delay

flip-flop DF4 of the automatic arpeggio processing cir- |
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cuit 16. Simultaneously, the any block signal AB is
produced from the block detection circuit 2 (FIG. 7())).

At the clock pulse time t3, the output Q3 of the delay
flip-flop DF7 of the state control circuit 3 is turned to
“1” whereas the output Q; of the delay flip-flop DFg is
turned to “0” resulting in generation of the signal TT»
representing the state S; (FIG. 7(g)). This signal TT;
enables the AND gate A4 of the detection circuit 14-1

of the block detection circuit 2 corresponding to the
block Fi. Consequently, the transistor TR is turned on

with a result that the block capacity Cp of the block line
bi is discharged and the block detection signal FiP is
produced (FIG. 7(k)). The signal TT) also enables the
AND gate A3 of the note detection circuit 4 to cause a
signal “1” to be stored in the delay flip-flops DF5 of the
detection circuits 17-2 and 17-3 corresponding to the
signals FC and SS. Simultaneously with this storage of
the signal “1”, the any-note signal AN outputted by the
note detection circuit 4 becomes “1” (FIG. 7(7)). At the
clock pulse time t4, the operation state is changed to the
state S3 and the signals “1” stored in the delay flip-flops
DFs of the note detection circuit 4 are successively
outputted from output lines 22 and 33 corresponding to
the notes C# and C at clock pulse times t4 and ts (FIG.
7(/)). Upon completion of delivery of the signal from
the line 33, the any-note signal AN becomes “0” at the
clock pulse time ts, and the output Qg of the delay flip-
flop DF¢in the state control circuit 3 is turned to “0” at
the next clock pulse time tg, bringing the operation
mode to the state S;. In the foregoing manner, the states
S3and S; are alternately repeated. Signals F»P, L{P and
U1 P representing the blocks, Fa, F| and Uj are sequen-
tially outputted from the block detection circuit 2 and,
in response thereto, the rhythm selecting signal Rj, the
signals Ccy, E1 and G representing the notes of the
lower keyboard and the signal E> representing the note
of the upper keyboard are sequentially outputted from
the note detection circuit.
- Asall of the signals stored in the delay flip-flops DF
of the detection circuits 14-1 through 14-11 have been
extracted, the AND gate A7 of the automatic bass/-
chord processing circuit 15-1 is enabled in the state S,
producing a signal “1” as a signal A|P. This signal is
inverted by an inverter I4 and thereafter is applied to the
AND gate Ag to disable it and thereby to clear the
storage in the delay flip-flop DF>. The output AP of
the automatic bass/chord processing circuit 15 is ap-
plied through the OR gate OR ;s to the OR gates OR s
of the detection circuit 17-1 through 17-12 of the note
detection circuit 4. Accordingly, a signal “1” is stored
in the delay flip-flops DFs of the detection circuits 17-1
through 17-12 of the note detection circuit 4 when the
signal A P has been produced from the automatic bass/-
chord processing circuit 15-1 of the block detection
circuit 2. At this time, the signal AP is not applied to the
OR gate OR 3 of the detection circuit 17-13. This is for
avolding duplication since the detection circuit 17-1
represents the same note C as the detection circuit
17-13. The signals stored in the delay flip-flops DFs of
the detection circuit 17-1 through 17-12 of the note
detection circuit 4 are successively outputted from a
next clock pulse time in synchronism with each block
pulse. Accordingly, a signal “1” is successively pro-
vided on the output lines 21 through 32 of the detection
circuit 17-1 through 17-12. Upon generation of the sig-
nal “1” from the line 32 and turning of the any-note
signal AN to *“0”, the operation state is changed to the
state Sy and the AND gate Ag of the automatic bass/-
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chord processing circuit 15-1 is enabled to provide a

signal “1” to the AND gate Ag through the inverter Ig
thereby to clear the storage in the delay flip-flop DF3
and produce the signal A;P. This signal A;P is turned to
the automatic bass chord control signal AP through the
OR gate OR 5 and applied to the OR gates OR ¢ of the
detection circuits 17-1 through 17-12 of the note detec-
tion circuit 4 to cause the delay flip-flops DF5 otoostore
a signal “1”. Accordingly, a signal “1” is successively
produced on the output lines 21 through 32 of the detec-
tion circuit 17-1 through 17-12 in synchronism with
each block pulse time. This signal “1” produced succes-
sively from the detection circuits 17-1 through 17-12 of
the note detection circuit 4 in response to the output
AP and AP of the automatic bass/chord processing
circuits 15-1 and 15-2 are used for detecting a root note
for forming a key code data for the automatic bass/-
chord performance as will be described moreffully
later.

The AND gate A1 of the automatic arpeggio pro-
cessing circuit 16 subsequently is enabled and its output
signal “1” 1s inverted by the inverter Ig and thereafter is
applied to the AND gate A g to clear the storage in the
delay flip-flop DF4and to produce the automatic arpeg-
gio control signal ARP. Upon generation of the signal
ARP, the operation state is returned to the state Sg
whereby one scanning operation by the block detection
circuit 2 and the note detection circuit 4 is completed
and the same operation is repeated thereafter. -

The output signals F1P through A>P of the detection
circuit 14-1 through 14-11 and the automatic bass/-
chord processing circuits 15-1 and 15-2 of the block

. detection circuit 2 are applied to an encoder 18. The
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encoder 18 consists of OR gates OR g, OR1; and OR 3
and produces signals BC;, BC; and BC which constitute
a block type code. Relationship between the types of
blocks and the block type code BC;-BCj3 is shown in
the following Table 3:

TABLE 3
Block type code

Block BC; BC, BC,
Function block F1 0 0 1

P> 0 I 0
Pedal keyboard P 0 ] 1
Lower keyboard L 1 0 0
Upper keyboard U 1 0 ]
Automatic A 1 l 0
bass/chord A 1 i i

processing time

The block type code BCj~BCj3 generated by the en-
coder 18 1s applied to the block type code register &
shown in FIG. 8 |

The block type code register 8 consists of 3-bit regis-
ters 8-1 through 8-3 and, as is representably illustrated
in detail in the register 8-3, temporarily holds, during
the state S3, the block type code BC;-BCj3 delivered
from the block detection circuit 2 in the state S;. The
block type code BC1-BCjis applied to the data inputs D
of delay flip-flops DFg through OR gates CRy4. The
outputs Q of the delay flip-flops DFg are fed back to the
data inputs D through AND gates Az3and the OR gates
OR26. The AND gates Aj3 receive at the other inputs
thereof the signal TT3; from the state control circuit 3
(FIG. 6). This signal TT3is a signal obtained by delay-
ing the output of the AND gate A9 of the state control
circuit 3 by 48 microseconds through a delay flip-flop
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DFg and representmg the state S3 as shown in. FIG
(m). '
‘The output :-ugnals of the block type code reglster 8

and signals obtained by inverting these output signals by

inverters 116, I17 and 115 are applied to the decoder 10.
The decoder 10 consists of AND gates Aj4through Ajsg
and generates from the AND: gates Aj4 through Asp
signals F\T and F,T representing detection times of the
blocks .including the function' switches, a’ signal PT
representing detection time of the block including the
key switches in the pedal keyboard, a signal LT repre-
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senting detection time of the block including the key

- switches in the lower keyboard, a signal UT represent-
- ing detection time of the block including the key swit-
ches in the upper keyboard and signals AT and AT

15

- representing an automatic bass/chord processmg time.

These signals FiT through A>T are used in the control

signal formmg circuit 11 (FIG. 8) to be described later.
~ Theoutputs of the AND gates Aj¢through Ajg of the
~ decoder 10 are delivered out as a signal P representmg
- the key switch i in the pedal keyboard, a signal L repre-

- senting the key switch in the lower keyboard and a

- signal U representing the key switch in the upper key-
-board through delay flip-flops DFy through DF14 and
| delay ﬂlp-ﬂops DFj7 through DFq9.

The output signals L;P through U4P of the deteotlon'

20

25

circuits 14-4 through 14-11 corresponding to the blocks

L through L4 including the key switches of the lower
 keyboard and the blocks Uy through U, including the
key switches of the upper keyboard are applied to an
encoder 19 oonsr,stmg of OR gates OR13 and ORy4
(FIG. 4) to be encoded into an octave code 0C,;, 0C;

_' - representing the octave.

The outputs of the detection ClI'CllltS 17-1 through

17-13 of the note detection circuit-4 are. applied to an

~ encoder 34 consisting of OR gates OR20, OR21, OR29

- and OR33; (FIG. 5) to be encoded into a note code
- NC4-NCj representing the note. .. ..

~ The octave code OC;, OC; and the note code

NC~NC4 are applied to the key code register- 9 shown

- 1n FIG. 11. The following Tables 4 and 5 show:contents

- of the octave code OC;, OC; and the note code

- NC4-NC; oorrespondmg to the respectwe octaves and
- notes. | :

ThTABLE4

' I . : . I I .

Octave code

Octave 0GC, OCp
~ Ist octave 0 - 0
- 2nd octave . 0 . 1
3rd octave 1 0
4th octave ] i
o TABLES5S =~
o . Noto coc:le L _
Note . =~ NC4 NCs. NC; NGy
CL l 1 0 0
C¥ 0 0 0 1
| D 0 0 l 0
o D§ 0 0 B 1
F o 0 1 ! 0 .
F§ . 0 ! 1 L
_ G S - 0 . 0
G# 1 0 . 0
A 1 0 1+ 1
A# 1 1. -0 ]
B L. 1 (5 I 0

18

' . TABLE S5-continued
e . ___I_%_____._..________I:J_ote code
Note | NC4 .. NCs NG, - NCy

C o iy o o 1

PROCESSING OF SIGNALS SUPPLIED FROM -
o - THE FUNCTION SWITCHES

In the scanning of the key switches and the function

switches by the block detection circuit 2 and the note

detection circuit 4, the function switches of the blocks
F1 and F2 are first detected. Signals FyP and F,P corre-

sponding to the blocks F1 and F2 are successively out-
putted from the block detection circuit 2 and s:gnals -

representing the function switches which are on in the
blocks F1 and F2 are successively outputted from the
corresponding detection circuits 17-1 through 17-3 of
the note detection circuit 4. The output of the detection

circuits 17-1 through 17-12 of the note detection circuit -

4 are applied to a note register 35 of the chord detection
circuit 3 shown in FIG. 9 through the lines 21 through

- 35. The output of the detection circuit 17-13 are applied

to stages 7-20 and 7-21 of a function data transmission

circuit 7 through a delay flip-flop DF29 shown i in FIG.
10.

The note reglster 35 consmts of a 12-bit shift register

- whose respective stages 35-1 through 35-12 are repre-

30

35
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35
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sentatively illustrated in detail by the stage 35-1. Each
of the stages 35-1 through 35-12 comprises a load con-
trolling AND gate Assg, a clear control AND gate Agg
and a shift control AND gate A47. The outputs of the
AND gates A47, Aggand Agg are applied to a data input
of a delay fllp-ﬂop DF»; through the OR gate OR24.
The AND gate Ay4g receives signals on the lines 21
through 32 and the load signal LL. The AND gate A4
recetves the output of the delay ﬂlp—ﬂop DF2; and the
clear signal CL. The AND gate A47receives the output

~of the delay flip-flops DF2; of the preceding stages

35-12 through 35-2 and the shift signal SL. Accord-

ingly, the note register operates to load the signals on
the lines 21 through 35 in the corresponding stages 35-1

through 35-12 upon receipt of the load signal LL, clear
the signals in the stages 35-1 through 35-12 upon receipt

of the clear signal CL and successively shift the signals
In the stages 35-12 through 35 2 rightwardly upon re-
ceipt of the shift signal SL. |
The output FiP (FIG. 7(k) of the block detection
circuit 2 which is the first output of the scanning of the
block detection circuit 2 and the note detection circuit
4 1s applied to an OR gate OR33 of the control signal
forming circuit 11 (FIG. 8). The output of the OR gate
OR33 is inverted by an inverter Ing and thereafter is
applied to the note register.35 as the clear signal CL to
clear the signals in the stages 35-1 through 35-12 of the
note register 35. The output signal FiP of the block

detection circuit 2 is applied to the block type code

register 8 through the encoder 18 and, after being tem-

porarily held in-the register 8, is applied to an OR gate B
- 34 through the AND gate As4. The output of the OR

gate OR34 1s applied as the load signal LL to the note

register 38. Accordingly, the signals including the func-

tion switches which are on are successively loaded in
the respective stages 35-1 through 35-12 of the note
register 35. Signals held in the stages 35-1 through 35-10
which are a part of the signals loaded in the respective
stages of the register 35 are applied to functlon data



4,228,712

19
memories 6-1 through 6-10 (FIG. 10) via lines 41-50.
The outputs of the respective stages 35-1 through 35-12
of the note register 38§ are applled to the function data
transmission circuit 7 (FIG 10)..

The function memories 6-1 through 6-10 are provided
for storing signals SF, FC, CA, M, CON, EC, UL, DC,
FS and UT from the function switches in the block F
which is used in this chip. Each of these memories 6-1
through 6-10 which are illustrated in detail respectively
by the memories 6-1 through 6-4 comprises an AND
gate Agi for a clear control, an AND gate Ag; for a load
control and a delay flip-flop DF35to which the outputs
of the AND gates Ag; and Ag; are apphed through an
OR gate ORs;. The AND gate Ag; receives the output
of the delay flip-flop DF25 and a signal obtained by
inverting a load signal LF; to be described later by an
inverter Is;. The AND gate Ag receives a signal on a
~ corresponding one of the lines 41 through 50 and the
load signal LF;. Through the memories 6-1 through 6-1,
the AND gates and OR gates which perform the same
function are designated by the same reference charac-
ters. The memories 6-5 through 6-10 which are not
illustrated in detail are of the same construction as the
memory 6-4. The memory 6-1 storing the signal SF used
for selecting the single finger function and the memory
6-2 storing the signal FC using for selecting the finger
chord function are somewhat different from the otehr
‘memories 6-3 through 6-10. In the memory 6-1 the
AND gate 62 is inhibited by a signal obtained by invert-
ing the signal on the line 42 by an inverter I3;. In the
memory 6-2 the AND gate Ag) is inhibited by a signal
obtained by inverting the SIgnal on the line 43 by an
inverter I3;.

The load signal LF; for controlling the function data
memories 6-1 through 6-10 is formed by the control
signal forming circuit 11 shown in FIG. 8. Referring to
FIG. 8, the output signal FiT of the AND gate A4
decoded by the decoder 10 is applied to an AND gate
A4s. The AND gate Ays receives at the other input
thereof a signal TTP from the state control circuit 3
shown in FIG. 6. This signal TTP is provided by the
AND gate Aj; which receives a signal obtained by
inverting the outut of the AND-gate A9 by an inverter
I;5 and the output of the delay flip-flop DF3. As shown
in FIG. 7(M), the signal TTP is “1” during the last 48
microseconds of the signal TT; representing the state
- 83. Accordingly, the AND gate Ays is enabled during
the last 48 microseconds of the state S3. The output of
the AND gate Ags is delayed by 48 microseconds by a
‘delay flip-flop DF3p and applied to the function data
memories 6-1 through 6-10 shown in FIG. 10 as the load
signal LF1. In this manner, the signals representing the
function swiiches which are on in the block Fi are
- stored in the memories 6-1 through 6-10. The signal UL
stored in the function data memory 6-7 is applied to the
AND gate A3y in FIG. 8 where it is used for coupling
the upper keyboard tones with the lower keyboard
tones. The function data transmission circuit 7 tempo-
rarily stores required function data and transmits the
data to other chips (not shown). The circuit 7 is com-
posed of a shift register with 27 stages 7-1 through 7-27.
In the circuit 7, AND gates, OR gates, delay flip-flops
etc. in the respective stages which perform the same
function are designated by the same reference charac-
ters. The delay flip-flops in the circuit 7 are all operated
by aclock pulse ¢ with a period of 1 microsecond. The
stages 7-21 through 7-24 respectively store the signals
SS, ST, FSS and UT from the function switches in-
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cluded in the block F| and their details are illustrated
representatively by the stage 7-21. The respective stages
7-21 through 7-24 comprise an AND gate Agg for a load
control, an AND gate Ag7 for a clear control and an
AND gate Ago for a shift control. The outputs of the
AND gates Ag7, Asg and Agg are applied to a delay
flip-flop DF3¢ through an OR gate ORs4. |

The stages 7-25 through 7-27 respectively store a
signal FS’ from the foot switch which signal has been
freed from the influence of chattering, a key-on signal
KON representing that a key switch in the pedal or
lower keyboard is on and a signal ABC representing
that either one of the single finger function, the finger
chord function and the custom function which are dif-
ferent modes of the automatic bass/chord function has
been selected. These stages comprise, as representa-
tively shown by the stage 7-25, the load control AND
gate Agg and the output of the AND gate Agg and the
output of the delay flip-flop DF2¢ of a preceding stage
are applied to the delay flip-flop DF3¢ through the OR
gate ORs4. The foot switch signal FS' is obtained by
applying the signal FS from the foot switch stored in
the above described function data memory 6-9 to a 4-bit
shift register §3 through an OR gate ORssand an AND
gate A73 which is enabled by a pulse signal ¢p with a
pulse width of 48 microseconds and a pulse period of 1
millisecond, and whenever a signal “1” is outputted
from the respective bits of the shift register 53, taking
out this signal through an OR gate OR s¢ thereby elimi-
nating the influence of chattering. The key-on signal
KON is a signal temporarily held in the key-on register
37 (FIG. 8) as will be described more fully later. The
automatic bass/chord selection signal ABC is a signal

from an OR gate ORs3 which is turned to “1” if a signal

iili‘l M

1s stored in any one of the function data memories
6-1, 6-2 and 6-3. The stages 7-1 through 7-7 are of a
similar construction to the stages 7-25 through 7-27 and
comprise, as representably illustrated by the stages 7-1
and 7-2, the load control AND gate Agg and the output
of this AND gate Agg and a signal from the delay flip-
flop DF»¢ of a preceding stage are applied to the delay
fhp-flop DF26 through the OR gate ORs4. The respec-
tive stages 7-1 through 7-7 receive a signal B from an
OR gate OR74 (FIG. 11) representing that the note data
Ni1-N4 and the octave data B1-Bj3 are generated in a
circuit shown in FIG. 11 to be described in detail later,
a signal K representing that the block kind data U-ARP
1s generated in an OR gate OR3pshown in FIG. 8 and a
signal LKM representing that a signal is stored in the
note register 35 shown in FIG. 9. The signals applied to
the stages 7-1 through 7-6 are utilized for testing the
circuit.

The stages 7-8 through 7-20 store signals from the
founction switches in the block Fi. They comprise, as
representably illustrated by the stage 7-20, a load con-
trol AND gate Ngg a clear control AND gate Ag7and a
shift control AND gate Ago. The outputs of the AND
gates Ag7, Agg are applied to a delay flip- ﬂ0p DF»
through an OR gate ORs;4.

The load control AND gates Ae¢g in the respectlve |
stages 7-21 through 7-27 and 7-1 through 7-7 are con-
trolled by the outputs of AND gates A7 (FIG. 10). This
AND gate A7) receives the load signal LF; designating
timing of loading of the signals to the function data
memories 6-1 through 6-10 and a synchronizing signal
SY33. As shown in FIG. 13(c), the synchronizing signal
SY33is generated at the thirty-third microsecond in the
clock pulse time of 48 microseconds (FIG. 13(a), FIG.
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7(a)) determined by the clock pulse ¢. The signal SY33
has a period of 48 microseconds, the same as that of the
- clock pulse ¢, and a pulse width of 1 microsecond.
Accordingly, signals being applied to the stages 7-21
through 7-27 and 7-1 through 7-7 are loaded therein at
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a timing of the synchronizing signal SY33 when the

. signal LF is being applied to these stages

The load control AND gates Agg in the stages 7-8
through 7-20 are controlled by the outputs of AND gate
A70. The AND gate A7g receives a signal LLF> and the
- above described synchronizing signal SY33. The signal

'LF> 1s formed by the control signal forming circuit 11
shown in FIG. 8. More specifically, the output of an
AND gate A4 enabled upon receipt of the signal F,T
which is the output of the AND gate Ajsof the decoder

10

15

10 and the signal TTP, i.e., the pulse signal outputted in

the last 48 microseconds of the state S; during which
the signals representing the function switches which are

- on in the block T> are outputted from the note detection
circuit 4 (FIG. 5) 1s delayed by a delay flip-flop DF3; by

20

48 microseconds and this output of the delay flip-flop -

DF3i constitutes the signal LF2. Accordingly, signals
being applied to the stages 7-8 through 7-20 from the
lines 41-52 and the delay flip-flop DFy¢ are loaded

‘therein at a timing of the synchronizing signal SY3;
~ when the signal LF; is being applied to these stages.

‘The function data transmission circuit 7 outputs sig-

nals stored in the stages 7-1 through 7-27 from the out-

put terminal of the delay flip-flop DFy of the stage 7-1

~ as a serial data signal by successively shifting these
‘signals. The shift SIgnal applied to the function data

25

30

transmission circuit 7 is formed by a flip-flop composed

- of NOR gates NRs and NRg. The NOR gate NRs re-

ceives a synchronizing signal SY7 (FIG. 13(b)) gener-

ated at the seventh microsecond of the clock pulse time
‘determined by the clock pulse $(FIG. 13(e)) while the
NOR gate NRg recetves the synchronizing signal SY33
(FIG. 13(c)). Accordingly, the output of the NOR gate
NRg rises in synchronism with the synchronizing signal
8Y7 as shown in FIG. 13(d) and falls in synchronism
~with the synchronizing signal SY33. This signal is ap-
plied to the shift control AND gate Ag7of the stages 7-1

35
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GENERATION OF KEY CODE DATA
REPRESENTING THE DEPRESSED KEY
Upon extraction of the blocks F; and F> 1ncludlng the

function switches in the block detection circuit 2, the
block P including the key switches of the pedal key-—

“board is extracted and, in response thereto, the AND
- gate Aje of the decoder 16 (FI1G. 8) is enabled to pro-

duce the signal PT. If none of the signals SF, FC and
CA for selecting the automatic bass chord function is

- generated, the output of the NOR gate NR; is “1” and

the AND gate A34is enabled when the signal TTP is
present. This output of the AND gate A3q is applied
through the OR gate OR34 to the key code register 9-1
through 9-4 (FIG. 11) as a key data selection signal
SKN. -

If the blocks L; through L4 including the key Swit-
ches of the lower keyboard have been selected, the
AND gate Aj7of the decoder 10 is enabled to produce
the signal LT. If the blocks Uj through Uy including the
key switches of the upper keyboard have been selected,
the AND gate A,z of the decoder 10 is enabled to pro-

~duce the signal UT. The signal LT and UT are applied
- through the OR gate OR 3¢ to the key code registers 9-1 o

through 9-4 as the key data selection signal SKN.
- The key code registers 9-1 through 9-4 are provided
for temporarily holding the note code NC1-NC4 gener-
ated by the note detection circuit 4 (FIG. 5). Details of
the key code registers 9-1 through 9-4 are representa-
tively illustrated by the register 9-1. AND gates and OR-
gates performing the same function are designated by
the same reference characters throughout the reglsters

9.1 through 9-4.

The key code data selection signal SKN is apphed to
load control AND gates A77 of the key code registers
9-1 through 9-4 to enable these AND gates A77. The

‘note code NC|-NCy 1s thereby applied to delay flip-

tflops DF36. The note NC{-NCyis delayed by 48 micro-
seconds by the delay flip-flop DF3¢ and thereafter is
applied to inputs A of the adders 21-1 through 12-4 via

- OR gates ORgs through ORgg while the outputs of OR

through 7-27 to shift the signals.successively in the

respective stages in a clockwise direction (i.e., from the
stage 7-27 toward the stage 7-1). These successively
shifted signals are outputted from the delay flip-flop
DF36 of the stage 7-1 and is applied to the AND gate
A7;. The AND gate A7, receives at the other input
thereof the cutput of the NCR gate NRg. Accordingly,
the AND gate A7; outputs, during the synchronizing
signals SY7to SY33, serial function data FD consisting
of signals LKM, BEAT, V3 Vi, BV, Rg-Ry, RV, SS,
5T, FSS, UT, FS, KON and ABC in the order de-
scribed. This signal FD is delayed by a delay flip-flop
- DF»3 by 1 microsecond, inverted by an inverter 139 and
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thereafter is delivered from a terminal T rpas a function

data FD. The outputs of the NOR gate NRg and the
- AND gate A71 are applied to the clear control AND

- gates Ag7of the stages 7-21 through 7-24 via the NOR
gate NRg4, and the outputs of the NOR gate NRgand the
AND gate A7 are applied to the clear control AND
gates Ag7 of the stages 7-8 through 7-20 via the NOR
gate NR3 respectively for clearmg the previously stored
signals.

The synchronizing signal SY33 is delayed by a delay

~ flip-flop DF27 by 1 microsecond, inverted by an in-

verter I39 and thereafter is delwered out as a synchro-
mzmg signal SY.

60
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gates ORgs and ORgg are applied to the inputs A of the
adders 12-1 through 12-4 via OR gates OR71 and OR..
The key code registers 9-5 and 9-6 receive the octave
codes OC and OC; generated in response to extraction
of the blocks L through L4 and U through Uy from the
block detection circuit 2 (FIG. 4). The key code regis-
ters 9-5 and 9-6 temporarily hold the octave codes QCy

“and OC;. The registers 9-5 and 9-6 are of the same "

construction and are representatively shown by the

register 9-5. The octave codes CO1 and CO; are applied |

to a data input D of a delay flip-flop DF39 through the
OR gate ORgy. The output Q of the delay flip-flop

‘DF391s fed back to the input I through an AND gate
Agoand the OR gate OR¢; and also is applied to a delay

flip-flop DF33. The AND gate Aggreceives at the other

“input thereof the signal TT; representing the state S3.
Accordingly, the applied octave codes OC1 and OC:g -

are held during the state S3.- -
The signal held in the key code reglsters 9-5 through |
9-6 1s a 2-bit signal and this signal is converted to a 3-bit

~signal in the following manner. The output of the key
code register 9-5 is inverted by the NOR gate NR7and

constitutes the first bit signal By. The outputs of the key- |

code registers 9-5 and 9-6 constitute the second bit sig-

nal By by inputting these outputs to an exclusive OR.
gate ERs. The outputs of the key code registers 9-5and
9-6 constitute the third bit signal by inputting these
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outputs to an AND gate Agg. Relationship between the

first through third bit signals Bj, By, B3 and the octave

codes OCj, OC; i1s shown in the following Table 6.

TABLE 6
0C, OC; B3 B, B
Ist octave 0 0 0 0 |
2nd octave 0 ] 0 1 §
3rd octave I 0 0 1 ]
4th octave ] | i 0 0

- 10

The first bit signal B is applied to an input A of the
“adder 12-5 and the second bit signal B is applied to an
input A of the adder 12-6.

The adders 12-1 through 12-6 add the signal applied
to the input A and hte signal applied to the input B
together. At this time, no signal is applied to the inputs
B of the adders 12-1 through 12-4. Accordingly, the
signals applied to the adders 12-1 through 12-4 are out-
putted in their original form from these adders. If, how-
ever, the outputs of the delay code registers 9-1 through
9-4 are the note code NC4-NC; “1100” representing
CL, 1.e. the low tone side note C, an AND gate Agg to
which a signal obtained by inverting the output of the
OR gate ORgs by an inverter 143, a signal obtained by
1Inverting the output of the OR gate ORgg by an inverter
44 and the outputs of the OR gates ORg7 and ORgg are
applied 1s enabled to provide a signal “1” to the inputs
A of the adders 12-1 and 12-2 through OR gates OR7;
and OR7; and thereby converting the code signal (NCy-
NC)) applied to the inputs A of the adders 12-1 through
12-4 to a code signal *“1 1 1 1” representing C, 1.e. the
high tone side note C. At this time, the output “1” of the
AND gate Agg1s applied to the inputs B of the adders
12-5 and 12-6 thereby adding ‘““1” to the first bit signal
and the second bit signal representing the octave.

The outputs of the adders 12-1 through 12-2 are ap-
plied to delay flip-flops DF40 and DF4; through AND
gates Agr and Ag3 while the outputs of the adders 12-3
and 12-4 are applied directly to delay flip-flops DF4
and DF43. When the outputs of the adders 12-1 through

12-4 are “1111” representing the note C of the high tone

side, the output of a NAND gate NA; to which the
outputs of the adders 12-1 through 12-4 are applied is
turned to *“0”. The AND gates A9y and Agj3 are there-
fore disabled and the code signal is changed to *“1100™
representing Cy, 1.e., the note C of the low tone side.

The outputs of the adders 12-5 and 12-6 are applied to
delay flip-flops DF44 and DF45 and the output of the
AND gate Aggis applied to a delay flip-flop DFs.

In the above described manner, the delay flip-flops

DF40 through DF43 produce the note data N{-N4 repre-

senting a note whereas the delay flip-flops DFu4
through DF4¢ produce the octave data B;-Bj represent-
ing an octave.

Assume, for example, that the note code NC4-NC;
“1100” representing the note Cg is loaded in the note
registers 9-4 through 9-1 and the octave code OC,, OCq
“0 0” representing the first octave is loaded in the note
registers 9-6 and 9-5. In this case, an AND gate Agsis
enabled to apply the code signal “1111” to the inputs A
of the adders 12-4 through 12-1 and the output “1111”
of the adders 12-4 through 12-1 is changed to the code
signal “1100” again by enabling of the NAND gate
NA . At this time, a signal “10” is applied to the inputs
A of the adders 12-6 and 12-5 and a signal “11” is ap-
plied to the inputs B of the adders 12-6 and 12-5. Ac-
cordingly, the adders 22-6 and 12-5 produce an output
“00”. At this time, the output of the AND gate Agg is
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“0”, The delay flip-flops DF43 through DF4g therefore
output note data N4-N; “1100” whereas the delay flip-
flops DF46 through DF44 produce octave data B3-B;

000”, When the note code NC4-NC; representing the

low tone side note Cy is loaded in the note register 9-1
through 9-6, the note data N4-N; is “1100” and the
octave data B3-Bj 1s 000",

When the note code NC4-NCj “1111” representing
the high tone side note C is loaded, the NAND gate
NA| is enabled and the note data N4-N; thereupon is
turned to 1100, Since, however, no signal is applied at
this time to the inputs B of the adders 12-5 and 12-6, the
octave data Bi-B3 representing an octave does not
change. The note data N4-IN1 and the octave data B3-B)
constitute the key code data KC.

CHORD DETECTION

If the finger chord function (FC) or the custom func-
tion (CA) which is one mode of the automatic bass
chord function is selected, the type of chord constituted
by the notes of the depressed keys in the lower key-
board 1s detected by the note interval relation between
these keys. Upon extraction of the block L; including
the key switches in the lower keyboard by the block
detection circuit 2 (FIG. 4), a signal L1P of 48 micro-
seconds 1s applied to the OR gate OR33 (FIG. 8). The
output of the OR gate OR33is inverted by the inverter
Inpand apphied as the clear signal CL to the note register
35 (FIG. 9) to clear the signals held in the respective
stages 35-1 through 35-12. As the block L through L4
including the key switches in the lower keyboard is
extracted and, in response to this extraction, signals
representing the notes of the key switches which are on
are outputted from the output lines 21 through 33 of the
note detection circuit 4 (FIG. 5), the AND gate Aj7 of
the decoder 10 (FIG. 8) is enabled to produce the signal
LT. This signal LT is applied as the load signal LL to
the note register 35 through the OR gate OR34. The
note register 35 loads the signals representing the notes
of the key switches which are on the lower keyboard
appearing successively on the output lines 21 through
32 of the note detection circuit 4 into corresponding
ones of the stages 35-1 through 35-12 for storing these
signals therein. Since the clear signal CL is generated
only during 48 microseconds during which the signal
L1P 1s outputted from the block detection circuit 2, the
note register 35 loads all signals for the key switches
which are on regardiess of the blocks Lj through L4 to
which the key switches which are on belong. The out-
puts of the detection circuit 17-13 detecting the key
switch corresponding to the note C on the high tone
side 1s loaded in the stage 35-1 corresponding to the
note Cz on the low tone side. That is to say, the output
of the detection circuit 17-13 is applied to the AND gate
A1s, The AND gate Ajs receives at the other input
thereof a signal FT which is obtained by inverting by an
inverter 119 through an OR gate OR3y, the signals ¥(T
and T outputted by the AND gates Ajz4and Aysofthe
decoder 10, 1.e., a signal which is ““1” when blocks other
than the blocks ¥y and F> including the function swit-
ches are being detected. Accordingly, the AND gate
A s 1s enabled during detection of the key switches of
the lower keyboard and the output of the detection
circuit 17-13 1s applied to the load control AND gate
Aagin the stage 35-1 of the note register 35 via the AND
gate Ajs, line 20 and an OR gate OR45 (FIG. 9).
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In the a_beve described manner, the signals: represent-_- |

~ ing the notes of the key switches which are on in the

lower keyboard are loaded and stored in corresponding

ones of the stages 35-1 through 35-12 in the note register

35. As the extraction of the blocks including the key
- switches of the lower keyboard has been completed and
~ the signal LT.from the AND gate Ay7 (FIG. 8) has
- disappeared, the load signal LL is turned to “0” and the
signals representing the notes of the key switches which
are on in-the upper keyboard subsequently generated
are not loaded in the note register 35.

~ As the extraction of the blocks including the key

~ switches of the upper Keyboard has been completed and
the signal AP thereupon is outputted from the auto-

matic bass chord processing circuit 15-1, the signal AT
1s outpuited from the AND gate A2 of the decoder 10

(FIG. 8) with a delay of 48 microseconds. This signal
AT is applied as the shift signal SL to the shift control

AND gate Ay47 of the stages 35-1 through 35-12 of the _

" note register 35. Accordingly; the signal AT is applied
to the note register 35 as the clear signal CL through the
‘OR gate OR33and the inverter I59. The note regtster 35
therefore successively shifts the signals stored in the

respective stages 35-1 through 35-12, i.e., the signals
- representing the notes of the key switches which are on
- in the lower keyboard, rightwardly in synchronism
with the clock pulse of 48 microseconds. Accordingly,
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. The AND gate Asz is provided for detecting a eherd |

- consisting: of notes of minor seventh degree, diminished -

fifth degree: and minor third degree. Conditions for
enabhng the AND gate Asz 1S expressed by the follow-
mg logical formula: (l) e

' --CHH SL. IN{. INleg, INT INs,.INg. IN7, (D)

| Alternatwely stated the AND gate Asz IS enabled if the -

10

keys for the notes of prnne, minor third degree, dimin-
ished fifth degree and minor seventh degree are simulta-

| neously depressed while the keys for the notes of major

15
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second degree, perfect fourth degree and major sixth
degree are not depressed. The signal SL represent the

shift signal and a signal CHH represents a signal ob-
“tained by inverting the output of the chord detection
- signal memory 37 to be described later by an inverter

I>5 and representmg that a chord has not been detected

yet.

The AND gate As31s prewded for detectmg a chord
including a minor seventh degree note (i.e., seventh

- chord or minor seventh chord). Conditions for enabling

25

the signal stored in the stage 35-12 has been shifted to __

the stage 35-1 when 48 X 12 microseconds have elapsed.
In the note reglster 35, the signals stored in the stages
35-1 through 35-12 are in predetermmed note interval
relations to the signal stored in the stage 35-1. More
spec:ﬁcally the output of the stage 35-1 represents
- perfect prime, that of the stage 35-2 a minor second
~ degree, that of the stage 35-3 a major second degree,
‘that of the stage 35-4 a minor third degree, that of the

stage 35-5 a minor third degree, that of the stage 35-7 a
~ diminished fifth degree, that of the stage 35-8 a perfect

-~ fifth degree, that of the stage 35-9 a minor sixth degree,
- that of the stage 35-10 a major sixth degree, that of the

- stage 35-11 a minor seventh degree and the output of

_the stage 35-12 a major seventh degree.

~ Accordingly, a type of chord constituted by the notes
“of the keys depressed in' the lower keyboard can be
detected from the outputs of the stages 35-1 through
- 35-12 of the shift register 35 i in shifting operation. For

- detecting the chord are employed a signal IN; repre-

senting a perfect prime note which is the output of the
stage 35-1, a signal IN3 representing absence of a major
second degree note and obtained by inverting the out-
‘put of the stage 35-3 by an inverter I»7, a signal IN3,

representing a m minor third degree note which is the

output of the stage 35-4 a signal IN7 representing ab-
sence of a perfect fourth, degree note and obtained by
Inverting the output of the stage 35-6 by an inverter I,
a'signal IN33 representing absence of a diminished fifth
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‘degree note and obtained by inverting the output of the

stage 35-7 by an inverter I»s, a srgnal INsrepresenting a

- diminshed fifth degree note which is the output of the

stage 35-7, a srgnal INs representing a perfect fifth de-
~ gree note which is the output of the 35-8, a signal INg
representing absence of a major sixth degree note and
- obtained by inverting the output of the stage 35-10 by an

- Inverter I.4 and a signal IN; representing a minor sev-
- enth degree note which is the output of the stage 35-11.

~ The chord detectlen 1S cendueted by AND gates Asz,
As3, A54 and Ass. -
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- gate Asy when the chord detection signal CH is output-

the AND gate Asg3 is expressed by the followmg legleal
formula 2:

CHH.SL.IN|.INZINZ.INHZ. INZINT, Q)

That i_s, the AND gate As3 is enabled if the keys for the '
notes of prime and minor seventh degree are simulta-
neously depressed while the keys for the notes of major

second degree, perfect fourth degree, diminished fifth

‘degree and major sixth degree are not depressed.

The AND gate Asyis provided for detecting a chord
meludlng the perfect fifth degree note (major chord or
minor chord). Conditions for enabling the AND gate

A"54 are'expressed by the fellowing logical formula (3):

'CHHSL.IN;. INS. mz IN;‘ IN; INg (3)

That is, the AND gate Asgis enabled if the keys for the.

note of prime and perfect fifth degree are simulta-
neously depressed while the keys for the notes of major

second degree, perfect fourth degree, diminished fifth

degree and major sixth degree are not depressed. S
If either one of the above logical formulas (1), (2) and
(3) is satisified during shifting of the note register 35, the
OR gate ORs¢ to which the outputs of the AND gates
Asy, Aszand Asgare applied produces a chord detection
signal CH with a pulse width of 48 microseconds. =~
The chord detection signal CH is applied to AND
gates Asg, Asgand Agto enable these AND gates. The
AND gates Asg, Asoand Agpthereupon produce signals
7b, 3b and .5b representing the type of chord. If the

‘signal IN7, representing a minor seventh degree noteis
produced by the stage 35-11 when the chord detection
signal CH is outputted, the AND gate Asg is enabled

and an OR gate OR43 thereby produces a seventh detec-
tion signal D7 representing a chord including a minor

seventh degree note (i.e. seventh chord). If the signal

IN; representing a minor third degree note if produced
by the stage 35-4 when the chord detection signal CH is
outputted, the AND gate Asgis enabled and an OR gate
OR49 thereby produces a minor detection signal Dm
representing a chord including a minor third degree
note (monor chord). If a signal is produced by the AND

ted, the AND gate Agpis enabled to produce a diminish-
ment detection signal Dd representing a chord includ-
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ing notes of minor seventh'degree, diminished fifth
degree and minor third degree (diminishment chord).

- The chord detection signal CH is applied to the chord

4,228,712

the non-chord signal memniory 36 to clear the storage of

« the non-chord signal memory 36.

 detection’ signal memory 37.'The chord detection sig

signal memory 37 applies this signal to a delay flip-flop -

~ DF;3 through an OR gate OR43 and temporarily stores
 this signal by feeding it back to the input of the delay

fhip-flop DF>3 through an AND gate Asp and the OR

gate OR43. The output of the chord detection signal
memory 37 is inverted by the inverter I3 and thereafter
is applied to the AND gate Asz through the AND gate
As4. This arrangement is made so that once any one of
the logical formulas (1), (2) and (3) has been satisfied
and the chord detection signal CH has been outputted
during shifting of the note register 35, the AND gates
A52 through "Asq4 are disabled and outputting of the
chord detection signal CH is prohlblted even if any one
of the logical formulas (1), (2) and (3) is satisfied again.
In short, a chord first detected is given prlorlty and no
chord detection is made thereafter.

The AND gate Ass is provided for generatmg a non-
chord signal used in a case where no chord is formed.

10
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 Conditions for enabling the AND gate Ass are ex-

pressed by the followmg logrcal formula (4):

NCH.CHH.SL.IN; @
The signal CHH is a sngnal obtained by mvertlng the
output of the non-chord signal memory 36 by an in-
verter Iz9 and representing that the nen-chord signal N
has not been generated yet.
| Accordmgly, the AND gate Ass is enabled to pro-
duce the non-chord signal N when the srgnal INj s first
outputted from the stage 35-1 of the note register 35 by
the shifting operation of the note register 35. This signal
NC is applied to the non-chord signal memory 36. Upon
receipt of the non-chord signal N, the non-chord signal
memory 36 temporarily stores this signal by applying
this signal to a delay flip-flop DF>4 through an OR gate
OR44 and feeding back the output of the delay flip-flop
DF>4to the input thereof through an AND gate Asj and

~ the OR gate OR44. The output NCH of the non-chord -

signal memory 1s inverted by the inverter I and there-
after is applied to the AND gate Ass. The AND gate
Ass also recetves a signal obtained by inverting the
output CHH of the note detection memory 37 by the
inverter I>g. In other words, the non-chord signal N first
'outputted only is given priority.

“The chord detection signal CH and the pon-—cherd
detection signal N are used for detecting a root note to
be described later. However, the non-chord signal N is
not used in a case where the finger chord function or
the custom function has been selected and used only in
-a case where the- smg]e ﬁnger functren has been se-
lected. . . -

Upon. cempletlon of one cycle of the shifting opera-
tion of the note register 35 by shifting of a signal from

the stage 35-12 to the stage 35-1, a signal Ay, is output-

ted from the automatic bass chord processing circuit
15-2 of the block detection circuit 2. The signal Ay is
inverted by an inverter Igo (FIG. 9) and thereafter is
- applied to the AND gate"Aso of the chord detection
signal memory 37 to clear the storage of the chord
detection signal memory 37. The signal A3, is also used
as the automatic bass chord control signal AP through

the OR gate OR 5 (FIG. 4). This signal AP is inverted -
by an inverter I3g and applied to the AND gate As; of

7
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“As the. signal Ay is produced by the automatic bass
chord processing circuit 15-2, the AND gate Ajgof the

decoder 10.(FIG. 8) produces a signal A»7. This signal

A>711s applied. as the shift-signal SL to the note register
35 through. the OR gate OR3:.  Accordingly, signals

‘stored 1n the stages 35-1 through:35-12 of the note regis-

ter 35 are shifted rightwardly again.. This causes the

-chord detection signal CH and the non-chord signal N

to be generated in the same manner as has previously
been described. In this case, the chord detection sigal
CH is not used but the non-chord signal N only is used
for detecting a root note if no chord has been detected
in the finger chord function or custom function mode.

DETECTION OF A ROOT NOTE

lf the finger chord functlon has been selected detec-
tion of the root note is conducted by using the chord
detection signal CH or the non-chord detection signal -
N. If the signal A,is outputted from the automatic bass
chord processing circuit 15-1 of the block detection
circuit 2 (FIG. 4), this signal A, is applied as a the
signal AP to the OR gate OR 4 of the detection circuit
17-1 through 17-12 of the note detection circuit 4 (FIG.
) through the OR gate OR)s. Signals representing

~ respective notes are thereby provided on output liries 21

through 32 of the detection circuit 17-1 through 17-12
(FIG. 14 (3)-(14)). At this time, the shift signal SL is
applied to the note reglster 35 thereby to cuccessively
shift the signals stored in the respective stages 35-1

'- through 35-12 rightwardly. The signals are génerated
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every 48 microseconds from the detection circuits 17-1
through 17-12 while shifting of the note register 35 is
conducted ever 48 microseconds so that generation of
the signals from the detection circuits is synchronized
with shifting of the note register 35. If, for example, a

s;gnal representing the note C# stored in the state 35-2is

first shifted to the stage 35-1 and the signal IN is output-

ted from the stage 35-1, a signal representing the note

C# is outputted from the output line 22 of the detection
circuit 17-2 of the note detection circuit 4 in synchrem-
zation with this shifting of the signal representing the
note C§. If the signal representing the note E stored in
the stage 35-5 is shifted to the stage 35-1 and the signal
IN] 1S outputted from the stage 35-1, a signal represent-
ing the note E is outputted from the output line 25 of the

~ note detection circuit 4 in synchronization with the

>0

shifting of the signal representing the note E. Accord-
ingly, by detectmg the signal outputted from the note

| detectlon circuit 2 at the time when a chord has been
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detected, this signal represents a prime note, e, the |
root note. |

If the output of the note register 35 satisfies either one
of the logical formulas (1), (2) and (3) and an OR gate
OR 350 produces the chord detection signal CH, this sig-
nal is applied to an AND gate A37 of the control signal
forming circuit 11 (FIG. 8). The AND gate A37 has
received at the other'inputs thereof the signal FC indi-

cating that the finger chord function has been selected

and the signal A;T (FIG 14(15)) mdlcatmg that the

 automatic bass chord processing circuit 15-1 is in a

65

enabled and produces a signal
chord detection signal CH and this signal *“1” is apphed =

processing mode. Accordingly, the AND gate Ajyis -
“1”* upon receipt of the

as a root note load signal LKN to AND gates A7z of the
key code registers 9-1 through 9-4 (FIG. 11) through an
OR gate OR3g. This enables the AND gates A73'to -
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dpply the note code NC] NC4 outputted at this time
from the encoder 34 of the note detection circuit 4 to
delay flip-flops DF37through OR gates ORg; as the root
note. The outputs of the delay flip-flops DF37 are fed
back to the inputs thereof through AND gates A79 and
- OR gates ORg) so that the note code NC;-NCy repre-
- senting the root note is held in the delay flip-flops DF37.

The AND gates A7 receive at the other inputs thereof
signals obtained by inverting the root note load signal.

LKN by inverters I41 so as to clear the previously
stored signal representing the root note upon receipt of
the root note load signal LKN.

The output of the AND gate A7 (FIG. 8) 1s applied
to the memory 39 through an OR gate OR39. The mem-

ory 39 applies the signal thus supplied to a delay flip-
flop 35 through an OR gate ORgp and feeds back the

output of the delay flip-flop 35 to the input thereof

- through an AND gate A7 and the OR gate OR@U_

thereby storing the applied signal.
- If none of the logical formulas (1), (2) and (3) 1s satis-

fied in the shifting operation of the note register 35, the

chord detection signal CH is not generated and, accord-
ingly, the root note cannot be detected. In this case, a
note represented by a signal stored in the rightmost
Stage among the signals stored in the note register 35
‘i.e., a signal for the lowest note, is made the root note.
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- The key code register 9-1 through 9-4 thereby load the
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Dete'ction_of the root note in this case is conducted by -

utilizing the non-chord signal NC which is detected
durmg shifting of the note register 35 performed again

in response to the output Aj, of the automatic bass.

chord processmg circuit 152 (FIG. 14(2)). As the s:gnal
stored in the rightmost stage of the note register 35 is
shifted to the stage 35-1, the AND gate Assis enabled to
produce the non-chord signal N. At this time, the note
detection circuit 4 produces a signal representing the
note of the signal stored in the rightmost stage.

The non-chord signal N is applied to an AND gate 36

(FIG. 8). The AND gate 36 receives at the other inputs
thereof a signal obtained by inverting the output of the
memory 39 by an inverter I2y, t.€., a stnal indicating that
a chord has not been formed and the signal A;7 (FIG.
14(16)) produced in accordance with the signal FC
selecting the finger chord function and the output Aj,
of the automatic bass chord processing circuit 15-2.
Accordingly, the AND gate Aj¢is enabled to produce

a signal ““1”, This signal ““1” is applied as the root note

load signal LKN to the key code registers 9-1 through
9-4 (F1G. 11) through the OR gate OR33. The key code
NC-NC4 produced at this time by the encoder 34 of the
note detection cn'cult 4 1s the signal representing the
root note.

If the signal ﬁnger functlon has been selected, a note
of a key depressed in the lower keyboard is made a root
note. Detection of a root note in this case is made by
-~ using the non-chord signal N. In the case of the single
finger function, a single key i1s depressed in the lower
keyboard. Wehn a signal representing the note of this

key has been shifted to the stage 35-1 in shifting of the

note register 35, the non-chord signal N is generated.
This non-chord signal N is applied to an AND gate Ajg

(FIG. 8). The AND gate A3igreceives at the other input
thereof the signal SF used for selecting the single finger
function and the signal Ay produced in response to the
output signal Ay, of the automatic bass chord process-
ing circuit 15-1. Accordingly, the AND gate Ajg 1s
enabled to produce a signal ““1”’. This signal “1” i1s ap-

plied to the key code registers 9-1 through 9-4 (FIG. 11)
as the root note load signal LKN via the OR gate OR 3s.

30

35

note code NC{-NC4 produced at this time from the
encoder 34 of the note detection mrcult 4 as a signal
representing the root note. | | |

If the custom function has been selected, a note of a
key depressed in the pedal keyboard 1s used as a root
note. As the block P including the key switches of the

pedal keyboard has been extracted by the block detec-

tion circuit 2 and the signal PT has been outputted by
the AND gate Ay¢ (FIG. 8) of the decoder 10, this

signal PT is applied to the AND gate Aj3s. The AND
gate A3s receives at the other input thereof the signal

AC used for selecting the custom fucntion CA and a
signal TTP which maintains a state ““1” during the last
48 microseconds of the state S3. The AND gate Ajs
therefore 1s enabled when a signal representing the note
of the key depressed in the pedal keyboard 1s outputted
by the note detection circuit 4 and produces a signal
“1”. This signal “1” is applied to the key code registers
9-1 through 9-4 (FIG. 11) as the root note load signal
LKN via the OR gate OR3g for causing the note code
NC-NC4 being produced by the encoder 34 of the note

detection circuit 4 to be loaded as a sugnal representing
the root note.

GENERATION OF KEY CODE DATA IN CASE
WHERE THE FINGER CHORD FUNCTION HAS
BEEN SELECTED

If the finger chord function has been selected, the
automatic chord performance and the automatic bass
performance are conducted in accordance with plural
notes of keys depressed in the lower keyboard. Key
code data indicating chord notes for conducting the
automatic chord performance is produced in accor-
dance with signals from key switches for keys actually
depressed in the lower keyboard. Key code data indi-

cating bass notes for conducting the automatic bass

performance is produced in accordance with the note
code NC|-NC4 and the octave code OCj, OC; repre-
senting the root note loaded in the key code registers

- 9-1 through 9-4 (FIG. 11) and the signal D7, D,, and Dy

- representing the chord type produced by the code de-—
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tection circuit (FIG. 9).
If notes of keys depressed in the lower keyboard have

formed a desired chord, the chord detection circuit §

produces the chord detection signal CH and, in re-
sponse hereto, the AND gate Az7 of the control signal
forming circuit 11 (FIG. 8) is enabled to cause the root

note load signal I.LKN to be produced from the OR gate

OR3g. This root note load signal LLKN 1s applied to the
key code register 9-1 through 9-4 and also to a delay
flip-flop DF3; through an OR gate ORs7. The signal

~applied to the delay flip-flop DFj3; 1s delayed by 48
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microseconds and thereafter is applied to an AND gate

“Ags (FIG. 11) as a data selection signal AKD used for

the automatic bass chord performance. The AND gate
Ags recelves at the other input thereof a signal T p out-
putted by an OR gate ORgg which receives signals T},

Ty, T4 and Ty representing a bass pattern from a shift

register 54 (FI1G. 12) to be described later and the signal .
CON from the function data memory 6-5 (FIG. 10)

indicating that a constant function has been selected.

- Accordingly, the AND gate Ags is enabled either when

63

the bass pattern Ty, T2, T4 and Tg1s produced or when
the constant function has been selected. The AND gate

Ags thereupon produces a signal “1>° and supplies it to

-~ AND gates Agi, Ago, Agiand Ag4 through an OR: gate

ORf)q. to enable the AND gates Ay through Aga.
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The AND gates Ag; through Ag4receive at the other
input thereof the outputs of the key code registers 9-1
through 9-4. Accordingly, the note code NC;-NCj4
representing the root not loaded in the key code regis-
ters 9-1 through 9-4 is applied to the inputs A of the
adders 12-1 through 12-4 through the AND gates Agj
through Ags and OR gates ORgs through ORgg. At this
time, the output AKD-TB of the AND gata Ags is ap-
phed to an OR gate OR39 shown in FIG. 8 to cause the
delay flip-flop DF17 to output the signal P representing
a bass tone (1.e. a tone of a key in the pedal keyboard.

To the inputs B of the adders 12-1 through 12-4 is
applied subordinate note forming data SD;-SDg4. This
subordinate note forming data SD~SDy4 representing a
predetermined note interval relation to the root note is
generated by the subordinate note data generation cir-
cuit 13 (FIG. 12).

Control data indicating a timing associated with each
of various rhythm patterns read from a control data
memory (not shown) in response to the function data
transmitted from the function data transmission circuit 7
(FI1G. 10) s applied in the form of an inverted serial
~signal PD to a terminal Tpp. This signal PD is inverted
by an inverter l49 and the inverted signal PD 1s used to
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load various control data in stages 54-1 through 54-17 of 25

the shift register 54. Control data to be loaded in the
~ stages 54-14 through 54-17 is a circuit testing signal T x3,
- Tx2, Txt, Txo, that to be loaded in the stages 54-10
through 54-13 is a 4-bit signal Tg, T4, T, Ty, that to be
loaded 1n the stages 54-8 and 54-9 is chord timing signals
Tc' and Tc indicating tone production timing of chord
tones, the signal Tc' representing a signal of a long
duration used for the rhythm of rhumba. Control data
to be loaded in the stage 54-7 is a rhythm-on signal RHY
representing that the automatic rhythm performance
device (not shown) is in operation, that to be loaded in
the stage §4-6 is a slow rock signal SR, that to be loaded
In the stages 54-1 through 54-4 is a signal A4, A3, Ap,
Al representing an arpeggio pattern. Since the arpeg-
gio pattern signal Ay, A3, Ay, A, the slow rock
signal SR and the chord timing signal Tc' are used for
the automatic arpeggio performance device provided in
the channel processor (not shown) and not used in the
iHlustrated circuits, detailed description of these signals
will be omitted.

The outputs of the respective stages of the shift regis-
ter S4-are applied to transistors TR through TR>7. The
transistors TR | through TRy7 are gate controlled by
the output of an AND gate A |39 which receives a signal
obtained by delaying the synchronizing signal SY4g by a
delay flip-flop DFs5; by 1 microsecond and a signal
obtained by gating the synchronizing signal SY43 by a
transistor 10 with a pulse ¢ having a pulse width of 1
microsecond. Accordingly, the transistors TR
through TRy7 are turned on during a first 1 microsec-
ond of the clock pulse ¢ and gate out the signal loaded
in the respective slages of shift register 54 as signals
with a pulse width of 1 microsecond. This state is held
after the output of the AND gate Ay is changed to
“0",

The seventh detection signal D7, minor detection
signal D,, and diminishment detection signal Dd gener-
ated by the chord detection circuit 5 (FIG. 9) are ap-
plied to chord memories 55-1, 55-2 and 55-3. As repre-
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sentably illustrated by the chord memory 55-3, each of 65

the chord memories 55-1 through 55-3 stores the signal
applied thereto by supplying it to a delay flip-flop DF47
through an OR gate OR75 and feeding back the output

32

of the delay flip-flop DF47 to the input thereof through
an AND gate Agg and an OR gate OR~7s. To the other
input of the AND gate Aqg4 is applied a signal obtained
by inverting the output ARP of the automatic arpeggio
processing circuit 16 of the block detection circuit 2 by
an mverter I49 so that the signals stored in the chord
memories 55-1 through 55-3 are cleared each time the
signal ARP is outputted from the automatic arpeggio
processing circuit 16.

The subordinate note forming data SD-SDy is gen-
erated in response to the signal Ty, Ty, T3, T4 indicating
the bass pattern read from the shift register 54. The
signal T{-Tg 1s a 4-bit code signal designating a note
interval of a subordinate note relative to the root note.

As the bass pattern signal T;-Tg is generated, this
signal T1-Tg1s applied to an AND gate Ay7as the signal
Ty via an OR gate ORgg. This signal Tpis delayed by a
delay flip-flop DF49 by 48 microseconds and applied to
the other input of the AND gate Ag7 after being in-
verted by an mnverter lg). Accordingly, the AND gate
Ag7 produces a signal 1" with a width of a 48 microsec-
onds only when the signal Tpg has first been produced.
This signal *“1” is applied to an AND gate A |37 through
an AND gate Ags, OR gate OR74 and inverter 147. To
the other input of the AND gate Ajj; is applied the
output signal AKD. Tgof the AND gate Ags. Accord-
ingly, the AND gate A|; is enabled and supplies a
signal “1” to AND gates A g through A3 to enable
them.

The bass pattern signal T), T2, T4, Tg or a signal
obtained by inverting the signal Ty, T, T4, Tgby invert-
ers Isg, Is7, Isq and Issis applied to the AND gates A g0
through Aj3. Signals produced in response to the sig-
nals D7, Dy, and Dy representing the type of a detected
chord stored in the chord memories 55-1 through 55-3
are also applied to the AND gates Ao through Ajjs.
Accordingly, one or more of the AND gates Ajg
through A3 are enabled and produce a signal “1” in
accordance with the bass pattern signal T, Ty, Ta, Ty
and the signals D7, D,,,and Dystored in the chord mem-
ories 53-1 thorugh 55-3.

If for example, the type of the detected chord is the
seventh chord including the minor seventh degree note
and the seventh detection signal D7 is stored in the
chord memory 55-1 while no signal is stored in the
chord memories 35-2 and 55-3 and if the bass pattern
signal Ty, Ty, T4, Ty is “1000”, the AND gate A g
which receives a signal *1” produced by inverting a
signal ‘0" supplied from the chord memory 55-2
through an OR gate ORg4 and the AND gate Ao
which receives only the bass pattern signal Ty, Ta, Ta,
T's are simultaneously enabled. If the bass pattern signal
Ty, Ty, Ta, Ty is *0100”, the AND gate A0y which
receives a signal produced by inverting a signal 0™
supplied from the chord meory 55-3 through the OR
gate ORg3 by an inverter Isgp and the AND gate Aip;
which receives only the bass pattern signal Ty, T3, Ty,
T'g are simultaneously enabled. If the bass pattern signal
Ty, Ta, Ts, Tgis “11007, the AND gate A g5 which
receives the output of the inverter Isgis enabled. If the
bass pattern signal Ty, Ts, Ty, Tgis <0010, the AND
gate A 106 which receives, through an OR gate ORgg the
output of an inverter Isp or the output of an AND gate
121 which 1s enabled by the output of an inverter I5gand
the output of the chord memory 55-1 supplied through
an OR gate ORgs is enabled. If the bass pattern signal
Ty, Ta, Ta, Ta1s “10107, the AND gate Ajgy which
receives only the bass pattern signal is enabled. If the
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bass pattern signal Tj, Ty, T3, T4 ts “0110", the AND

~ gate A which receives the output of the OR gate

‘ORGgs through an OR gate ORg7 is enabled. If the bass
pattern signal Ty, Ty, Ty, Ty is “1110”, the. AND gate
- A1 which receives the output of the OR gate ORgys.is
enabled. If the bass pattern signal T, T2, T4, Ty is
“0001", the AND gate 113 which receives the bass
pattern ﬂ;tgnal only is enabled.

The outputs of the AND gates A 1 through AI fyare.

. applied to an encoder 56 consisting of OR gates OR 7y

thmugh ORgy. The encoder 86 produces the subordi-

‘nate note forming data SD-SDj4 in accordance wuth the
outputs of the AND gate Ajoo through Al -

. The following Tables 7, 8, 9 and. 10 show relatlom
-between the bass pattern signal Ty, T, T4, Ty and the

10

15

- subordinate note forming data SD-SDs. generated in

response to the bass pattern signal in cases where no
signal is stored in any of the chord memories 55-1
through 55-3, i.e., the detected chord is the major
chord, where the <;ewenth chord is detected by existence
of the seventh detection signal D7 in the chord memory
- §5-1 only, where the minor chord is detected by exis-
- tence of the minor chord is detected by existence of the
minor detection signal Dm in the chord memory 55-2
J only, and .where the diminishment detection signal Dd
~is stored in the chord memory 55-3 and the seventh

20

- TABLE 10
| | Fheeasewhe_[e __!he;di:ﬁinishmen! chord has been detected
Tg. T4 T, T3  SDs SDg . SDj SD; SDy
0 0 0 0 0 0 0 0
O 0O 0 1 - ( 1 0 .
(0 {) | 0. | ] 0 () I
o - 0 1 l | I 0 ()
o1 0 0 ! 0 l 0
0 1 0 1 . ] i 0 . 1
0 1 0 1 | 01
o 1 1 1 T 10
| 0 0 ) ]l O 0 () 0

- The signals SD; through SD4 among the subordinate
note forming data SDy-SDs generated by the subordi-
nate note formmg data generation circuit 13 are applied .
to the inputs B of the adders 12-1 through 12-4 (FIG.
11). The subordinate note forming data SD;-SDj repre-
sents, as has. prewou‘;ly been described, a predetermined
note interval and relations between various note inter-

- vals and the subordmate note formmg data SD|-SDy4

25

detection sagnal D7 and the minor detection slgnal Dm

are qtored m the chord ‘memories 55-1 and 55-2

‘TABLE 7
o The case WhL!‘L lhe mmmrd has been detected.
Tg.- Tg T2 Ty  SDs.  SDs - SD;y SDz-' SDy¢:
S0 00 0 .0 00 0
S § T | T O N | R S
0 0 v 0 0 . 0 1
o - 0 1 1 1 L0 60
0 T 0 0 1 0 i 0
PO R Y | L . 0 1
SR (RS (R MR | 1 -1 I 0
S R N R SRR B I ] 0.
]-l o .0 . 0 1 0o .0 0 0
- TABLE 8
| Tht. case where the major chord has been dLlLLtLd |
T Ty T2 T SDs. SDy  SD3y  SD; SDI_
0 ,'n-- >0 0 0O 0 0
0 -0 1 0 1 0 I
S0 01 0 t 0 0o .
0 0 0 I - l 0 0
0 0 0 - 10 0
0 I 0 T R |
O 110 1 10
(R D N 1. 0
| U U | L0 0 0 o
- TABLE 9
| The ciase WlILI'L the minor chord hdk been detected -
Ty Ty Tp Ty SDs  SDy  SD3y  SD; SD;
00 0 0 0 0 00
0 00 | S0 10
¢ o0t 0 t 0 0 1
A e 1 I 0 0
010 0 SR L) EETREE N
L A SR 0
0 S P ¢ | | D ¢
0 1 t i ! I e

L0 0 0 L 00 o0
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are shown in the following Table 11. It should be noted,
however, that signals representing prime, major second,

“major third and perfect fourth among the subordinate

note forming data shown in Table 11 are not used in the
present embodlment of the invention. |

TABLE 11

o | | Subnrdlmﬂe note forming data
Note interval - SDy SD1 SD» SDy

Prime (1) 0 ) () - {)

Minor second (Zb) 0 00 I

. Major second (2) 0 0 ] 0
-~ Minor third (3p) 0 1 0. 0

- Major third (3) 0. 10 1
- Perfect fourth (4) 0 I o | O -

Diminished fifth (5b) . 1 o . 0 0
Perfect fifth (5) 1 a0 |

Minor sixth-(6)) ] S0 (0
Major sixth (6) - 1 | | 0

- Minor seventh (Th) 1 l -0
I l 1 0.

Major seventh (7)

The adders 12-1 through 12-4 add the note code

NC|-NCj representing the root note applied to the
- inputs A with the subordinate note forming data

45

50

SD|-SDj4 applied to the inputs B to form a signal indi-
cating a note name of a desired subordinate note. |

Values of the note code NC|-NCj4 representing the
root note do not assume continuously increasing values
as will be understood from Table 5. With reference to
Table 5, a code 0000 is missing before the note code

00017 representing the note C#, a code “0100” is miss-

- Ing between the note code “0011” representing the note -

55

60
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D# and the note code **0101" representing the note E, a

code “1000” 1s missing between the note code “0111"
representing the note F#§ and the note code “1001”
representing the note G and a code “1100” is missing
between the note code “1011” representing the note A
and the note code 1101 repre‘;entmg the note A$. The
code *“1100™ among these missing codes is used as a note
code representing the note C;, on the lower tone side.
Accordingly, contents of the note code NC|-NC4 are
rewritten as the following Table 12.

TABLE 12
I o | Note code -
Note NCy4 NC; NC»H NCy
o CE 0 0 D |

R D T A | P 0
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TABLE 12-continued

Note code
NG;

NG,

z|.
0

‘Note  NC4-
D§

E
F

0

0

0

F4 0
| l

!

1

l

|

l

G
G¥
A
A%
B

]
0
!
!
0
i
!
0
I
C l

,—,—, e OO — —— O

The values of the note code NC{-NC4are determined
in the manner shown in Table 12 so that the subordinate
notes may be easily formed by using the 4-bit note code
NCi-NCs in the form of a circulating signal. If, how-
ever, a result of addition of the note code NC|-NC4and
the subordinate note forming data SID-SD4 becomes a
code 0000, 01007, “1000” or *1100” which s not
used for the note code, a subordinate note cannot be
formed. Accordingly, values of 2 bits NC; and NC;
countmg from the least significant bit are suitably cor-
rected in' accordance with the first bit signal SD) or the
second bit signal SD;; of the subordmate note forming
- data. | |
This correction of values is made by using the AND
- gates Age, Ag7and Agg. The AND gate Agqreceives the
first bit signal SD of the subordinate note forming data,
the first bit NC; of the note code NC;-NC4 and the
second bit NC; of the note code NC{—-NC4 which is the
output of the OR gate OR7;. The AND gate Agy re-
- ceives the second bit signal SD; of the subordinate note
forming data, the output signal NC; of OR gate ORgs
‘and the output signal NC; of the OR gate OR7,. The
AND gate Aggreceives the second bit signal SD; of the
subordinate note forming data and a signal produced by
inverting the first bit NC of the note code NC-NCj
- which is the output of the OR gate OR7; by an inverter
145 and the output signal NC> of the OR gate OR7;.
Accordingly, if either one of logical formulas

NC.NC2.SD; (%)

NC;.NC2.SD; (6)

NC;.NC1.SD;y {7)
is satisfied, a signal ‘1 is applied to a carry input Ci of
the adder 12-1 through an OR gate OR7pto add *1” to
the contents of the adder 12-1.

If, for example, the note code NC4-NC; “0011”* rep-
resenting the note D and the subordinate note forming
data “0101” representing the major third degree are
added together, a value “1000” i1s obtained and this
value “1000” is note used as the note code NC4-NC,.
At this time, however, the AND gate Agg is enabled to
add “1” to the result of addition *1000” thereby produc-
ing a note code NC4-NCi “1001°*, In this manner, when
- the result of addition has become a code which is not

‘used as the note code NCy-NC; or a code “1100”, a
value *1” 1s added to the result of addition for correc-
tion of the value of the result of addition.

A carry signal generated by the adder 14-4 when the
“result of addition has exceeded “1111” is applied to the
adder 12-5 through the AND gate Ag; which has been
enabled by the output *“1” of the above descnbed AND
gate Ags.

The signal SD5 among the subordinate note forming
data SD{-SDs is applied to the inputs A of the adders
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“ing the first octave. If the signal SDs is turned to

36
12-5 and 12-6 through a NOR gate NR7and an OR gate
OR7;. If the signal SDs which represents a note interval
of one octave is “1”, the octave data B;—-B3 produced by
the dealy flip-flops DFs4 through DF46 is raised by one
octave. If the signal SDsis 0, signals 1’ and 37 0" are
applied to the inputs A of the adders 12-5 and 12-6 in
response to the octave code OC;, OC;, from the key
code registers 9-5 and 9-6 and the delay flip-flops DF44
through DF4¢ produce the octave data B;-B; represent-

illl! '

in
this state, signals *“0" and are respectively applied to
the inputs A of the adders 12-5 and 12-6 and the delay
flip-flops DF44 through DF4¢ produce the octave data
B1-B;3 representing the second octave Wthh is one
octave higher than the first octave. |

If a predetermined chord has been formed by notes of
keys depressed in the lower keyboard and this chord
thereafter is broken by change in the depressed keys,
the root note of the broken chord is used again. When a
predetermined chord has been formed by the notes of
the keys depressed in the lower keyboard, the AND
gate A1y (FIG, 8) of the control signal forming circuit
11 i1s enabled to provide a signal “1” to the memory 39
thorugh the OR gate OR39 39. The memory 39 thus
stores a signal “1%,

If keys depressed in the lower keyboard have been
changed and the chord has been broken, the output
NCH of the memory 36 (FIG. 9) is turned to *1" and
this signal *“1™ is applied to an AND gate A3z of the
control signal forming circuit 11 (FIG. 8). The AND
gate A3 receives at the other input thereof a signal
produced by inverting the output CHH of the chord
detection signal memory 37 by an inverter I3 and the
output of the memory 39. The AND gate A3 therefore
1S enabled and a signal “1" 1s applied to an AND gate
A41. The AND gate A4y thereby outputs a signal *“1*
and this signal 1" i1s applied to a delay flip-flop DF3)
through OR gates OR4; and OR57. The output of the
delay flip-flop DF3; is applied to the AND gate Ags
(FIG. 11) as the automatic bass chord data selection
signal AKD, whereby a subordinate note forming oper-

ation is performed in the same manner as was previously
described.

An AND gate A4pis enabled durmg the last 48 mi-
croseconds of the signal A T and a signal **1”’ is applied
to the AND gate A7g of the memory 39 throhgh the
NOR gate NRjy thereby clearing the signal stored in the
memory 39. To the AND gate A7 0f the memory 39 are
also applied, through the NOR gate NR; and line 36,
the outputs of AND gates Aq3, Aes and Ags which are
enabled upon receipt of the output signals of the respec-
tive AND gates Ag; of the function data memories 6-1.
through 6-3 (FIG. 10) and signal produced by mverting
the outputs of the delay flip-flops DF2s by inverters 134,
I35 and I36. Accordingly, the memory 39 is cleared by
turnign on of either the function switch selecting the
single finger function, the one selecting the finger chord
function or the one selecting the custom function.

If the function switch selecting the memory function
is turned on and the signal M thereby is stored in the
function data memory 6-4 (F1G. 10), this signal 1s ap-
plied to an AND gate Aqs. The AND gate Agqreceives
at the other inputs thereof the output of the NOR gate
NR; and the output of an OR gate ORs» to which are
applied the signal CON from the function data memory
6-5 indicating that the constant function has been se-
lected and the signal RHY from the shift register 54

iili!
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(FIG. 12) indicating that the rhythm is on. The AND

gate Agg therefore is enabled and produces a memory

signal MM if the constant function has been selected or

the rhythm is on. The signal MM is applied to the signal
‘hold AND gate A7s of the memory 38 (FIG. 8). The
root note load signal LKM is also applied to a delay
flip-flop DF34 of the memory 38 through an OR gate
ORs9. Accordingly, the memory 38 stores a signal “*1”
if the root note load signal LKN is produced when the
memory signal MM is present.

The output M’ of the memory 38 is applied to an
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AND gate A4y. The AND gate A4y receives at the other

input thereof a signal produced by inverting the output
NCH of the non-chord signal memory 36 by an inverter
I»2. Condittons for enabling the AND gate A4y are ex-
pressed by the following logical formula (8):

FC.M'. A;T TTP.NCH

Accordmgly, the AND gate A4 1s enabled after re-
lease of the depressed key and supplies a signal “1” to
the delay flip-flop DF3; through the OR gates OR4; and
OR 57 for producing the automatic bass chord data selec-
~ tion signal AKD. Consequently, by turning on of the
- function switch selecting the memory function, the

automatic bass chord key code data is generated even °
~ after the release of the depressed key in accordance

with the root note detected on the basis of the note of
the depressed key. |

In the event that the key depressed in the lower key-
board has been released or a different key has newly
been depressed with resulting change in the root note,
- generation of the subordinate note forming data 1-SDjs

(8)
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actually depressed in the lower keyboard in the same
‘manner as in the case where the finger chord has been
selected. On the other hand, the key code data for per-

forming the automatic bass is generated in the following
manner in accordance with a type of chord formed by
the notes of the plural keys depressed in the lower key-

board and utilizing the note of the single key depressed | .

in the pedal keyboard as a root note.
As the block P including the key switch of the pedal

keyboard has been extracted by the block detection '

circuit 2 (FIG. 4) and the signal PT has been outputted
from the AND gate Aj¢of the decoder 10 (FIG. 8), this
signal 1s applied as the root note load signal LKN to the
key code registers 9-1 through 9-4 through the AND
gate Ajis and the OR gate OR3g causing the note code

- signal NC;-NCj4 representing the note of the key de-

pressed in the pedal keyboard to be loaded in delay

- flip-flops DF370f the key code registers 9-1 through 9-4.

20
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In the meanwhile, if the notes of the keys being de-
pressed in the lower keyboard have formed a chord, the

“sinals D7, D, and Dy are generated in accordance with

a type of the chord detected by the chord detection
circuit S (FIG. 9). The signals D4, D, and Dyare stored
in corresponding chord memories 55-1 through 55-3 of
the subordinate note formlng data generatlon circuit 13
(FIG. 12).

The subordinate note forming data SD;-SDs is pro-
duced by the subordinate note forming data generation
circuit 13 (FIG. 13) in accordance with the signals D7,

- Dy and Dy representing the type of the chord stored in "

~the chord memories 55-1 through 55-3 and the bass

is inhibited in the following manner. Signals applied to -

the data inputs of delay flip-flops DF37 of the key code

registers 9-1 through 9-4 (FIG. 11) and output signals of
~ the delay flip-flops DF37 are applied to exclusive OR
gates ER; through ER4. The outputs of the exclusive
OR gates ER| through ER4 in turn are applied to the
OR gate OR7¢ (FIG. 12) through the OR gate ORgs.
The output of the OR gate OR7y¢ 1s inverted by the

35

inverter I47 and thereafter is applied to the AND gate

A122. Accordingly, change in the signal applied to the
delay flip-flops DF37 of the key code registers 9-1
through 9-4 causes an output “1” to be produced by any
one of the exclusive OR gates ER; through ER4. This
disables the AND gate A12;and, accodingly, generation
of the subordinate note data SD-SDs is inhibited.

An OR gate ORg3 also receives the signal CON se-

45

lecting the constant function stored in the function data

memory 6-5 (FIG. 10) and a signal produced by invert-
ing the automatic base chord data selection signal AKD
by an inverter I42. Accordingly, generation of the sub-
ordinate note forming data SD1-SDs is likewise inhib-
‘1ited when the constant function has been selected or the
automatic bass chord data selection signal AKD has not
been produced.

'GENERATION OF THE KEY CODE DATA IN
CASE THE. CUSTOM FUNCTION HAS BEEN

SELECTED
If the custom functlon has been selected, the auto-

- matic chord performance is made in accordance with

notes of plural keys depressed in the lower keyboard
and the automatic bass chord performance is made in
accordance with a note of a single key depressed in the
- pedal keyboard. More specifically, the key code data
for performing the automatic chord 1s generated in
accordance with signals from the key switches being

50

55

pattern signal Ty, T3, T4, Ts outputted by the shift regis-
ter 54. The subordinate note forming data SD1-SDs is
applied to the adders 12-1 through 12-6 (FIG. 11) to
form desired subordinate note signals in accordance

with the root note loaded in the key code registers 9-1 =~

through 9-4. This operation is the same as in the case

‘where the finger chord function has been selected.

If the memory function has been selected and the

memory signal MM is being provided by the AND gate =

Ags (FIG. 10), the key code data KC is generated with

a note of a key which was depressed in the pedal key-
 board being utilized as a root note even after the de-
pressed key has been released. If a key is depressed 1n

the pedal keyboard, the AND gate Ass (FIG. 8) is en-

abled and the note code NC4-NC; representing the note
of the depressed key 1s loaded in the delay flip-flops
DF37 of the key code registers 9-1 through 9-4. The
output *“1” of the AND gate Ajsis also applied to the
memory 39 and stored therein through the OR gate

OR19. If the memory signal MM is present at this time,

the AND gate Aisis enabled to cause the root note load = '

signal LKN to be outputted from the OR gate OR3gand
a signal “1”’ to be stored in the memory 38. :

During the last 48 microseconds of the signal AiTthe

- AND gate A3gis enabled and a signal “1” is inverted by
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a NOR gate NRg and thereafter is applied to the AND '

gate A7¢ of the memory 39 to clear the storage of the

memory 39. Accordingly, if the key depressed in the '

pedal keyboard is released, the output of the memory 39
is turned to “0”’. This signal is inverted by the inverter
Io1 and thereafter is applied to an AND gate A43. The

AND gate A43 receives at the other inputs thereof the
output signal M’ of the memory 38, the signal TTP, the
signal CA and the signal A;T. Conditions for enabling

~ the AND gate A3 are expressed by the followmg logl- '

cal formula (9)
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CaM . A|T.TTP.Q | (9

In the above formula (9), Q' designates a signal pro-
duced by inverting the output of the memory 39.

Accordingly, the AND gate A4;3is enabled to apply a
signal “1” to a delay flip-flop DF3; through the DR
gates OR41 and OR3s7. The delay flip-flop DF3; there-
upon produces the automatic bass chord data selection
signal AKD and the subordinate note forming operation
1s performed in the same manner as has previously been
described with the note of the key which was being
depressed in the pedal keyboard before the release of
the key being utilized as a root note.

GENERATION OF THE KEY CODE DATA IN
CASE THE SINGLE FINGER FUNCTION HAS
BEEN SELECTED

If the single finger function has been slected, the key
code data representing chord notes for performing the
automatic chord and the key code data representing the
chord notes for performing the automatic bass are pro-
duced 1n accordance with a note of a single key de-
pressed in the lower keyboard.

Since the key depressed in the plower keyboard is
only one in the automatic bass chord performance ac-
cording to the single finger function, a type of chord

cannot be detected. Accordingly, an arrangement is
- made so that a type of chord can be indicated by de-
pressing a white key or a block key in the pedal key-
board. More specifically, depression of a white key in
" the. pedal keyboard designates a chord including a
minor seventh degree note 7 (i.e. seventh chord),
whereas depression of a block key designates a chord
including a minor third degree note 3 (i.e. minor chord).
If netther a white key nor a black key is depressed, that
designates a major chord.

If a white key or a black key is depressed in the pedal
keyboard, the signal PT is produced by the AND gate
Ajgof the decoder 10 (FIG. 8). This signal PT is applied
to an AND gate A3z3;. The AND gate Az3receives at the
other input thereof the signal SF indicating that the
single finger function has been selected. The AND gate
Aj3 therefore is enabled to apply a signal PT.SF to
AND gates Asgand As7of the chord detection circuit 5
(FIG. 9). To the other input of the AND gate Asg are
applied thorugh an OR gate ORy¢ signals on the lines
21, 23, 25, 26, 28, 30, 32 and 33 of the note detection
circuit 4 corresponding to the key switches of the white
keys. To the other input of the AND gate As7 are ap-
plied through an OR gate OR47 signals on the output
lines 22, 24, 27, 29, 31 corresponding to the key switches
of the black keys. If, accordingly, a white key is de-
pressed in the pedal keyboard, the AND gate Asg is
enabled and a signal “1” is outputted as the seventh
- detection signal D7 through the OR gate ORy¢. If a
black key is depressed in the pedal keyboard, the AND
gate As7is enabled and a signal ““1” is outputted as the
minor detection signal D,, through the OR gate ORyo.

The seventh detectection signal Dy and the minor
detection signal D,, are applied to the chord memories
55-1 and 55-2 shown in FIG. 12 and stored therein. -

If neither white key nor a black key is depressed in
the pedal keyboard, the AND gates Asqand Asyare not
enabled so that no signal is stored in the chord memories
55-1 and 35-2. This state represents that the major chord
has been designated.

As the non-chord signal NC is outputted from the
chord detection circuit § (FIG. 9), the AND gate Asgis
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enabled and the root note load signal LKN is outputted
from the OR gate OR33, thereby causing the note code
NC-NC4 representing a note of a single key being
depressed in the lower keyboard to be loaded as a signal
representing a root note in the delay flip-flop DF37 of
the key code registers 9-1 through 9-4 (FIG. 11).

The automatic bass performance key code data in the
case where the single finger function has been selected
is produced by applying the output signals of the chord
memories 53-1 and 55-2 and the subordinate note form-
ing data SD;~SDs generated in response to the bass
pattern signal Ty, Ty, T4, Tg from the shift register 54 to
the adders 12-1 through 12-3 (FIG. 11) and thereby
processing the note code NC{~-NC4 representing the
root note stored in the key code registers 9-1 through
9-4. The operations of the subordinate note forming
data generation circuit 13 and the adders 12-1 through
12-6 are the same as those in the case where the finger
chord function or the custom function has been se-
lected. In the case of the single finger function, how-
ever, the signal Dd representing the diminishment
chord 1s not used.

In the case where the single finger function has been
selected, only one key is depressed in the lower key-
board and, accordingly, key code data for the automatic
chord performance cannot be produced on the basis of
the signal from the key switch for the single depressed
key. Accordingly, the key code data for the antomatic
bass chord performance in the case of the single finger
function mode is generated by processing a root note by
the subordinate note forming data SD;-SD4 generated
by the subordinate note data forming generation circuit
13 (FIG. 12).

The signal SF from the function data memory 6-1
(FIG. 10) indicating that the single finger function has
been selected i1s applied to an AND gate Agg shown in
FI1G. 12. The AND gate Agg receives at the other input
thereof the automatic bass chord data selection signal
AKD which is the output signal of the delay flip-flop
DF3; (FIG. 8). The AND gate Agg therefore i1s enabled

~ upon receipt of the automatic bass chord data selection
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signal AKD and applies a signal “1” to a shift register
58. The shift register 58 successively shifts a signal “1”
and output a signal “1” from the outputs Q4 through Q..

The subordinate note forming data SD—-SDs used for
forming the key code data for the automatic chord
performance is generated in response to the output of
the shift register 58 and the signals stored in the chord
memories 55-1 and §5-2.

Assume, for example, that a signal *“1” 1s stored in the
chord memory §5-1 thereby designating the seventh dh
chord. If in this case a signal “1” is delivered from the
output Q4 of the shift register 58, the subordinate note
forming data SD4-SD; “0000” is generated. If a signal
“1” is delivered from the output Qp of the shift register
58, an AND gate Agg 15 enabled and the subordinate
note forming data SD4-SD; “0101” representing the
major third degree note interval is generated. If a signal
“1” 1s delivered from the output Q. of the shift register
58, an AND gate Aog is enabled and the subordinate
note forming data SDy4-SD; “1101” representing the
minor seventh degree note interval is generated.

Relations between the output signals Q 4, Qg and and
Qc of the shift register 58 and the subordinate note
forming data SD|~SD4 generated in response to these
output signals in cases where a signal “1” is not stored
in the chord memory 55-1 or 55-2 whereby the major
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- chord 1s designated, where a signal *1” 1s stored in the

chordd memory 55-2 whereby the major chord is desig-
nated and where a signal *“1” 1s stored in the chord
memry 55-1 whereby: the seventh chord is designated

are shown in the following Tables_ 13, 14 and 15:
TABLE 13
In case the Ipa_jor'chard has been c[esig’natéd
SDy SDy - Sy - SD;y
Qc 1 .0 0 .
TABLE 14
In case the minor chord has been designated -
| SDy SDj SD; - SD;
Q4 0 0 0 0
Qp 0 1 0 0
Qc 1 0 0 i
TABLE 15
In case th’e seventh chord has been designated
SDs  SDj SD; SD
Qq« = 0 0 0 0
Qg 0 i 0 |
Qc . 1 i 0 r

If i:he signal "‘1”.' is produced from the outputs Q4
“through Q¢ of the shift register 58, an OR gate OR77
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in the memory 38 simultaneously with outputting of the -
root note load signal LKN from the OR gate OR3g. The

output: M’ of the memory 38 is applied to an AND gate

- Ay4. The AND- gate A44 receives at the other inputs
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produces a signal T¢g. This signal Tcgyis applied to the

AND gates Agi through Ag4 through the OR gate
ORgs. The AND pgates Ag; through Ags are thereby
enabled to apply the note code NC{-NCj4 representing
the root note and stored in the key code registers 9-1

35

through 9-4 to the 1nputs A of the adders 12-1 through -

12-4. -
To the inputs B of the adders 12-1 through 12-4 are

. apphed the subordinate note forming data SD~-SDy4. By
- adding the note code NC|-NC4 representing the root

‘note and the subordinate notefforming data SD-SDy
together, note data N|-Ny4 for the automatic chord er-
formance is produced. This note data N1-Ng is deliv-

ered out through delay flip-flops DF40 through DF43.

- The operation for forming of the note data N1-Nj is
substantially the same as the one for formmg the auto-
matic bass performance key code data. -

- The signal Tcy produced by the OR gate OR77 is
applied to an OR gate ORg (FIG. 8) to produce the
signal L representing a chord note (a note in the lower
- keyboard). This signal T ¢y is also supplied to the inputs
A of the adders 12-5 and 12-6 through the NOR gate
'NR7 and the OR gate OR7; shown in FIG. 11. The
output of the adder 12-5 thereupon is turned to “0” and
- the output of the adder 12-6 is turned to “1” whereby
the octave data Bj-B3 representing the second octave is
provided by the delay flip-flops DF44 through DFae.

-~ If the memory function has been selected, the key
- code data KC representing the chord tones for the auto-
matic chord performance and the key code data KC
- representing the bass tone for the automatic bass perfor-
mance are generated using the note of the depressed key
~ 1n the lower keyboard as a root note even after the
depressed key has been released. If the function siwtch
for selecting the memory function has been turned on,
~.the memory 51gnal ‘MM outputted from the AND gate
-~ Ags (FIG. 10).is apphed. to the AND gate A7s of the
memory 38 (F1(G.'8). Accordingly, a signal ““1” is stored

40

45

thereof a signal. NCH produced by inverting the output =
NCH of the non-chord memory 36 by the inverter Iy,
the signal TTP; the signal SF'and the signal A|T. Con-
ditions for enabling the AND gate A44are expressed by
the following logical formula (9):
NCH.M'.TTP.SF.A(T (%)
Accordingly, the AND gate A4 i1s enabled after re-
lease of the key depressed in the lower keyboard to
apply a signal “1” to the delay flip-flop DF3; through
the OR gates OR4; and ORs7. This causes the delay
flip-flop DF3; to produce the automatic bass chord data
selection signal AKD whereby the key code data repre- -
senting the chord tones for the automatic chord perfor-
mance and the key code data representing the chord
tones for the automatic chord performance and the key
code data representing the bass tones for the autoamtic
bass performance are generated using the note of the

key being depressed in the lower keyboard before re-
lease of the key as the root note.

GENERATION OF A CHORD TONE SOUNDING |

TIMING SIGNAL ETC.

A chord tone sounding timing signal CG Wthh-
designates timing of sounding of a chord tone (a tone of
the lower keyboard) is generated in response to the
signal T ¢ outputted by the shift register 54 (FIG. 12).
The signal T¢ outputted by the shift register 54 is ap-

_ plied to an AND gate Aji7. To another input of the

AND gate A1j7 1s applied the automatic bass chord
selection signal ABC which is outputted by the OR gate
ORs3 (FIG. 10). This signal ABC is a signal which
becomes “1”” when only one of the signal SF for select-
ing the single finger function, the signal FC for selecting
the finger chord function and the signal CA for select-
ing the custom function has been produced, i.e., when

any one of the automatic bass chord functions has been

selected. Accordingly, when any one of the automatic
bass chord functions has been selected, the AND gate
A117is enabled to deliver out the signal T as the chord
tone sounding timing signal CG. |

A normal gate signal NG is employed for adjustmg

~ the level of a musical tone depending upon whether the
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automatic bass chord is performed or the normal perfor-

mance is made. If a key is depressed in the lower key-
board, or a key 1s depressed in the pedal keyboard when

neither the single finger function, finger chord function
nor the custom function has been selected, or a key is
depressed in the pedal keyboard when the custom func-
tion has been selected, a signal “1” is outputted by the
OR gate OR37 (FIG. 8) and applied to the memory 370.
The memory 370 stores this signal “1” by applying it to
the delay flip-flop DF33 through the OR gate ORsg the
output signal of which is fed back to the input thereof

through the AND gate A74 and the OR gate ORss.

The output of the memory 370 is applied to an AND |
gate Ajq19 (FIG. 12) as the key-on signal KON. The -
AND gate Ajj9 receives at other inputs thereof the
output of an AND gate Aj16 which is enabled when the
bass pattern signal Tg, T4, T2, T} delivered from the
shift register 54 is *‘1111” (indicating that no rhythm has
been selected), the constant signal CON and a signal
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produced by inverting the signal ABC by an mverter
I43 through an OR gate ORgp.

Accordingly, the AND gate Aji9.i1s enabled when
any one of the output of the AND gate Aq1s6, the con-
stant signal CON and the output of the inverter I4g is
“1” and a signal “1” is applied to a delay flip-flop DFsp
through an OR gate ORog;. The output signal of the

delay flip-flop DFsp 1s fed back to the input thereof

‘through an AND gate Aj13and the OR gate ORg;. The
AND gate Ajig receives at another input thereof the
outputs of the OR gate ORgo. By this arrangement, the
signal applied to the delay flip-flop DF 5 is held therein
so long as the output of the OR gate ORgpis “1”. The
output NG of the delay ﬂip-ﬂ0p DFsg1s inverted by an
inverter Isg and thereafter is delivered from a terminal
TxG as a signal NG.

To the AND gate Ay4 of the memory 370 (FIG. 8)
outputting the key-on signal KON is applied a signal
produced by inverting the output signal LF; of the
delay flip-flop DF3p by an inverter I, so that the signal
stored in the memory 370 is cleared each time the signal
LF i1s produced. |

If a signal Tp1s produced by the shift register 54 when
the constant signal CON is present, an AND gate 115 is
enabled and the subordinate note forming data SDs is
thereby turned to “1” resulting in rise of the key code
data KC by one octave. If the signal Ty is produced
when the bass pattern signal Tg is “1”, an AND gate
A114 1s enabled. In this case also the subordinate note
forming data SDsis turned to “1” and the key code data
KC is ratsed by one octave.

The constant signal CON and the output of the AND
gate Aj¢are delivered as a signal CON’ through an OR
gate ORgg. This signal CON’ i1s used for continuously
producing the chord tone instead of producing it inter-
mittently at a timing of the chord tone sounding timing
signal CG.

What is claimed is:

1. A key code data generator comprlsmg

a switch matrix circuit including a plurality of key
switches assigned to respective notes and con-
nected between row lines and column lines, said
row lines defining respective blocks of the key
switches and said column lines defining respective
notes of the key switches in each said block;

a block detection circuit connected to said switch
matrix circuit for detecting all row lines to which
key switches in operation are connected;

‘a note detection circuit connected to said switch
matrix circuit for detecting all column lines con-
nected with a single one of said detected row lines
via the key switches in operation, and delivering
note codes representing said detected row lines one
after another in a time shared fashion, the column
line detection being carried out for one row line
after another for each of said row lines detected:

a control circuit connected to said black detection

~circuit and said note detection circuit for causing
said row line detection in a first period of time and

- said column line detection in a second period of 60

time;

a circuit connection for causing said note detection

circuit to deliver in a third period of time all the
‘note codes available one after another:;

a chord detection circuit including a shift register
connected to said note detection circuit and having
stages for storing the state of said column lines
detected with respect to predetermined row lines
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in said second period, contents of said stages being
circulatingly shifted in synchronism with said time
shared delivery of the note codes from said note
detection circuit in said third period, and a chord
type detecting logic connected to said stages for
detecting establishment of one of predetermined
types of chord; and

a code register far storing the note code delivered
from said note detection circuit at the moment said
chord type detecting logic detects said establish-
ment, the registered note code representing the
root note of the detected chord.

2. A key code data generator as defined in claim 1

wherein

said circuit connection further causes said note detec-
tion circuit to deliver in a fourth period of time all
the note codes available one after another;

the contents of said stages of said chord detection
circuit are circulatingly shifted in synchronism
with the time shared delivery of said note codes in
said fourth period;

said chord detection circuit further comprises a pref-
erential detection network connected to a predeter-
mined one of said stages for detecting only if said
chord type detecting logic has not detected any
establishment of a chord, a first arrival of the
shifted contents at said predetermined one stage in
said fourth period; and

sald code register stores the note code delivered from
said note detection circuit at the moment said pref-
erential detection network detects said arrival, the
registered note code representing a note to be used
as a root note for performing a chord.

3. A key code data generator as defined in clalm 2

which further comprises:

a data generation circyit connected to said chord
detection circuit for generating, upon detection of
said establishment of a type of chord, data for form-
ing subordinate notes which are appropriate for the
detected type of chord; and

a processing circuit connected to said code reglster
and to said data generation circuit for processing
said registered note code and said data and produc-
ing key codes which designate a root note and
subordinate notes for a chord to be performed as an
automatic bass chord performance.

4. A key code data generator as defined in clalm 1

wherein:

said switch matrix circuit further includes at least one
further row lines in addition to said row lines
which are connected with said key switches, and a
plurality of function switches assigned to respec-
tive performance functions to be selectively ren-
dered and connected between said at least one
further row lines and said column lines, said at least
one further row lines defining blocks of the func-
tion switches and being connected to said block
detection circuit; -

said block detection circuit and said note detection
circuit further detect function switches in opera-
tion;

and said key code data generator further comprising:

a function data memory connected to said note detec-
tion circuit for storing the detected states of said
function switches while the blocks including the
function switches are being detected, and for deliv-
ering corresponding function data; and
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enabling means, connected to said function data
memory, for enabling said circuit connection, said
chord detection circuit and said code register to
operate in the designated function in response to
delivery of certain function data.
5. A key code data generator as defined in claim 1
wherein:
sald note detection circuit includes a plurality of stor-
age cells each corresponding to a respective note
name in a musical scale, data representing detected
column lines connected via key switches in opera-
tion being entered into storage cells corresponding
to the note names of said operated key switches
during said first period of time, |
a note encoder connected to said cells, said note en-
- coder sequentially producing, during said second
period of time, the note codes for data entered in

said storage cells,
said control circuit causing entry of data into all of
. said storage cells at the beginning of said third

~ period of time, and causing sequential readout of

~ said cells during said third period of time in syn-

chronism with said circulating shifting of said

- chord. detection circuit, said note encoder thereby
producing all of the note codes one after another.

6. A key code data generator as defined in claim 4 and

contained in a single integrated circuit chip, said certain

function data being used to control operations of other

- circuits on said chip, together with function data trans-

mission means for providing other delivered function
- data in serial format to an output terminal of said chip
for use by circuitry external to said chip.

- 7. In combination with an electronic musical instru-

- ment having a note selection keyboard and switches for

the selection of performance functlons a key code data
generator comprising:

a note detection circuit operatively connected to said
“keyboard and to said switches and having a set of
storage " cells, individual storage cells being as-
signed both to a respective note name in a musical
octave and to a specified performance function,
and an encoder directly connected to said set of
storage cells for providing note codes identifying
the cells containing data,
a chord detection register having a separate stage

corresponding to each note name, and associated

chord detection logic for detectmg chord types by
~.the relative position of data in said stages, and

control signal formation means for providing sequen-

tial first, second and third sets of control signals

which operate sald note detection circuit sequen-

tially in:

a first mode in which said first set of control signals

causes data indicative of selected function swit-

- ches to be entered into ones of said storage cells

~assigned to the corresponding functions, said

encoder then providing note codes representing
said selected performance functions,
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a second mode in which said second set of control
signals causes data representing keys selected on
said keyboard to be entered into storage cells
~assigned to note names corresponding to the’

selected keys, said encoder then providing note =~

codes representing selected notes, said selected
key representing data also being entered into
corresponding stages in said chord detection
register in the event that, during said first mode,
‘the note code for a certain selected performance -
- function was provided, and
a third mode, enabled by provision during said first
mode of said note code for a certain selected
~function, wherein said third set of control signals
~ causes said chord detection register to be recir- -
~ culatingly shifted in synchronism with succes-
sive provision by said encoder of note codes for

each of said storage cells, detection of a chord by
said detection logic causing said control signal

formation means to generate a signal which gates
the note code concurrently provided by said
encoder to a key code register, said gated note
code identifying the root note of said chord.

8. On a single integrated circuit chip intended for use

in an electronic musical instrument of the type having
note selection keys and performance function selection |
switches, said keys and said switches being arranged i in
blocks-connected to said chip by common block lines:
first circuit means for scanning each block of perfor-
mance function switches to detect operated swit-
ches and to produce corresponding performance
function designating codes for control of circuitry
on said chip, and |

first output means for externally delivering said per-
formance designation codes only to said instrument -
via an output terminal on said chip,

chord detection circuitry on said chlp,

a second circuit means for scanning each block of
keys to detect depressed keys and, in response to
production by said first circuit means of certain
codes designating specific automatic performance
functions, to supply data representing detected
depressed keys to said chord detection circuitry

a second output means for supplying to said instru-
ment, via a separate output port on said chip, mul-
tibit note codes representing detected depressed
keys detected by said second circuit means, and

third circuit means, enabled by production by said
first circuit means of said certain automatic perfor-
mance function designating codes and including
said chord detection circuitry, for detecting the
chord type and root note represented by said de-
pressed keys, and for supplying via said output port
note codes, based on the detected chord type and

root note, for an automatic performance of the type

designated by said certain function designating

codes.
* % * 0 % ¥
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